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FOREWORD 


This  report  presents  the  User's  Manual  for  Crack  Growth  and  Crack  Initiation 
Computer  Program  "OAMGRO"  developed  as  part  of  the  "Assessment  of  Damage 
Tolerance  Requirements  and  Analyses",  contract  Ho.  F33615-82-C-3215.  This 
program  has  been  administrated  by  the  Flight  Dynamics  Laboratory,  Air  Force 
Wright  Aeronautical  Laboratories,  Air  Force  Systems  Command,  Wright 
Patterson  Air  Force  Base,  Ohio.  James  L.  Rudd  (AFWAL/FIBEC)  was  the  Air 
Force  Project  Engineer  through  December  1985.  Subsequently,  Mr  Rudd  was 
replaced  by  Lt  Christopher  Mazur.  A.  Kuo  was  the  Program  Manager  and 
Principal  Investigator  through  March  1985.  Subsequently,  Mr  Kuo  was 
replaced  by  Meir  Levy  for  the  completion  of  the  program.  The  structural 
test  program  has  been  performed  at  the  University  of  Dayton  Research  Lab 
under  the  supervision  of  George  Roth. 


The  eight  major  tasks  listed  below  have  been  planned  to  achieve  the  program 
objectives.  Namely,  (a)  assessing  the  validity  of,  and  recommending 
improvements  to  the  current  MIL-A-83444,  (b)  developing  guidelines  for 
identifying  the  most  critical  initial  primary  damage  locations  for  typical 
aircraft  structures,  and  (c)  assessing  and  Improving  the  state-of-the-art 
analytical  methods  to  satisfy  the  requirements  of  MIL-A-83444. 


Task  t! 


Analytical  Methods 


Task  II: 


Basic  Tests 


Task  III:  Analytical  Predictions 


Task  IV: 


Structural  Tests 


Task  V: 


Task  VI: 


Task  VII: 


Analytical/Experimental  Correlations 

Assessment  of  and  Recommended  Improvements  to  MIL-A-83444 
Guidelines  for  Selecting  Most  Critical  Inltal  Primary  Damage 


Location 


Task  VIII:  Assessment  of  and  Improvements  to  Damage  Tolerance  Analyses 


The  material  presented  in  this  report  was  developed  during  Phase  I  of  the 
contract.  Additional  five  reports  were  Issued  including: 
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Volume  I: 

Executive  Summary 

Volume  II: 

Analytical  Methods 

Volume  III: 

Analytical  Predictions  and  Correlations 

Volume  IV: 

Raw  Test  Data 

Volume  V: 

Assessment  and  Recommendations 

Volume  I  report  contains  an  Executive  Summary  of  the  entire  program 
Including  the  Basic  Test  Program  for  material  allowables,  test  results  of 
the  Structural  Test  Program  and  Analytical  Predictions.  It  also  contains  a 
summary  of  the  Analytical  Pormulation  derived  during  Task  I. 

Volume  II  report  contains  the  Analytical  Methodology  derived  during  Task  I 
of  the  Program,  including  crack  growth  and  crack  Initiation  techniques,  and 
results  of  Finite  Element  Modeling  of  stress  Intensity  factors. 

Volume  III  report  contains  Analytical  to  Experimental  Correlation  of 
seventy-two  (72)  Structural  Test  Specimens  performed  during  Task  IV  of  the 
Program. 

Volume  IV  report  contains  the  Raw  Test  Data  obtained  during  the  Basic  Test, 
and  the  Structural  Test  Programs. 

Volume  V  report  contains  an  assessment  of  the  Damage  Tolerance  Design 
Requirements  defined  In  MIL-A-83444,  Analytical  methods  evaluation  and  a 
Guideline  for  Identifying  Critical  Locations  for  Damage  Tolerance  Analysis. 
It  also  contains  recommendations  and  follow-on  work. 

This  program  began  In  September  1982  and  was  completed  in  May  1986. 
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1.0  INTRODUCTION 


This  report  presents  a  description  of  the  crack  growth  and  crack  initiation 
computer  program  "DAMGRO".  The  computer  program  has  the  capabilities  of 
simultaneously  analyzing  crack  growth  and  crack  Initiation.  The  three  options 
available  are: 

(i)  Crack  Growth  Only  "Method  1" 

(ii)  Crack  Growth  and  Crack  Initiation  "Method  2" 

(ill)  Crack  Initiation  Only. 

The  program  is  coded  in  Fortran  Computer  Language  and  consists  of  a  total  of 
22  routines.  Various  geometrical  configurations  can  be  analyzed  including 
plate  or  stringer  sections,  subjected  to  a  constant  amplitude  loading  or  a 
randomized  spectrum  loading.  The  generalized  Willenborg  Retardation  Model  was 
adopted  to  be  used  when  a  variable  amplitude  loading  spectrum  was  applied. 

The  crack  growth  rates  'da/dN1  are  presented  in  terms  of  the  modified  Walker's 
equation. 

A  majority  of  typical  aircraft  structural  configurations  may  be  accurately 
modeled  using  one  or  more  of  the  available  routines.  However,  some  important 
configurations  are  not  presently  available  with  a  prediction  accuracy  deemed 
necessary.  In  particular,  growth  of  two  cracks  at  adjacent  holes  consistent 
with  the  MIL-A-83444  specification.  In  this  case  the  growth  of  the  primary 
crack  may  influence  the  growth  of  the  secondary  one.  In  performing  the  pre¬ 
diction,  such  a  configuration  was  treated  independently  which  may  have 
resulted  in  unconservative  predictions. 
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In  performing  crack  growth  or  crack  Initiation  predictions,  some  structural 
geometries  are  not,  explicitly.  Included  In  the  program.  However,  modeling 
techniques  may  be  applied  to  use  available  routines  to  obtain  reasonable  rep¬ 
resentations.  For  example  for  subroutine  K1020,  If  the  two  adjacent  holes 
were  eliminated,  the  result  will  be  a  crack  at  the  edge  of  a  hole  approaching 
a  free  edge.  Similarly,  Initiation  may  be  applied  to  one  location  when  only 
one  hole  is  present. 

The  program  Is  constructed  In  such  a  way,  that  additional  stress  Intensity 
routines  may  be  added.  A  flow  chart  of  the  program  Is  presented  In  Appendix 
A.  Three  examples  are  presented  In  Section  3.0. 


2.0  DAMGRO  COMPUTER  PROGRAM 

"DAMGRO"  Computer  Program  was  developed  to  have  the  capability  of  simultane¬ 
ously  analyzing  crack  growth  and  crack  initiation  at  the  edge  of  a  hole.  Vari¬ 
ous  geometrical  configurations  may  be  analyzed  using  one  or  more  of  the  rou¬ 
tines  shown  in  Figures  2.1-1  through  2.1-10.  The  program  contains  ten  crack 
growth  and  six  crack  initiation  routines.  The  crack  growth  is  governed  by  the 
stress  intensity  factor  at  the  edge  of  the  crack.  The  crack  initiation  is 
governed  by  the  stress  severity  factor,  which  itself  is  a  function  of  strain 
energy  density  at  the  edge  of  a  hole.  The  analytical  formulation  for  both 
crack  growth  and  crack  initiation  are  presented  in  Volume  II  of  the  report. 

2.1  CRACK  GROWTH  "METHOD  1" 

Various  geometrical  configurations  may  be  analyzed  using  the  'DAMGRO'  computer 
program  "Method  1"  of  the  program  includes  the  following  configurations: 

1.  Corner  crack  emanating  from  a  circular  hole,  and  approaching  an  adjacent 
hole  (subroutine  K1010  Ref.  Figure  2.1-1). 

2.  Corner  crack  emanating  from  a  circular  hole  with  an  additional  crack 
through  the  thickness  extending  from  the  hole  to  the  edge  of  the  part 
(subroutine  K1020  Ref.  Figure  2.1-2). 

3.  Corner  crack  emanating  from  a  circular  hole  with  an  additional  crack, 
through  the  thickness  extending  from  the  hole  to  the  edge  of  an  adjacent 
hole  (subroutine  K1030  Ref.  Figure  2.1-3). 

4.  Two  equal  or  unequal  size  corner  cracks  at  the  edge  of  a  circular  hole 
and  approaching  adjacent  holes  (subroutine  K1040  Ref.  Figure  2.1-4). 


5.  Two  equal  or  unequal  size  corner  cracks  at  the  opposite  edges  of  two 
adjacent  holes,  with  an  additional  crack  through  the  thickness  extended 
between  the  two  holes  (subroutine  K1050  Ref.  Figure  2.1-5). 

6.  Corner  crack  emanating  from  a  circular  hole  of  a  stringer  section  hori¬ 
zontal  leg.  The.  crack  may  approach  the  free  edge  or  the  stringer  up¬ 
standing  leg,  (subroutine  K2010  Ref.  Figure  2.1-6). 

7.  Corner  crack  emanating  from  a  circular  hole  of  a  stringer  section.  An 
additional  crack  extending  from  the  hole  to  the  free  edge,  (subroutine 
K2020  Ref.  Figure  2.1-7). 

8.  Two  corner  cracks  emanating  from  a  circular  hole  of  a  stringer  horizon¬ 
tal  leg.  One  crack  approaches  the  stringer  upstanding  leg,  and  the 
second  one  approaching  the  free  edge  of  the  horizontal  leg,  (subroutine 
K2040  Ref.  Figure  2.1-8). 

9.  A  crack  emanating  from  a  circular  hole  of  a  stringer  tee  section,  and 
propagating  Into  the  upstanding  leg,  (subroutine  K2050  Ref.  Figure 

2.1- 9). 

10.  A  crack  emanating  from  a  circular  hole  of  a  stringer  ' L 1  section,  and 
propagating  Into  the  upstanding  leg,  (subroutine  K2060  Ref.  Figure 

2.1- 10). 

2.2  COMBINED  CRACK  GROWTH  AND  CRACK  INITIATION  "METHOD  2" 

The  combined  method  routines  (Method  2)  are  capable  of  predicting  crack  Initia¬ 
tion  for  the  following  geometrical  configurations: 

1.  Crack  Initiation  at  the  edge  of  two  adjacent  holes  with  one  crack  pres¬ 
ent  at  one  of  the  holes,  (subroutines  S1010  and  S1020  Ref.  Figures  2.2-1 


2.  Crack  Initiation  at  the  edge  of  two  holes  In  an  array  of  three  holes 


with  two  cracks  present  at  the  mid  hole,  (subroutine  S1030  Ref.  Figure 

2.2- 3). 

3.  Crack  Initiation  at  the  edge  of  two  adjacent  holes  with  a  through  the 
thickness  crack  between  them,  (subroutine  S1040  Ref.  Figure  2.2-4). 

4.  Crack  Initiation  at  the  edge  of  two  holes  In  an  array  of  three  holes 
with  the  presence  of  one  crack  at  the  edge  of  one  hole  and  a  second 
through  the  thickness  crack  between  two  holes,  (subroutine  S1050  Ref. 
Figure  2.2-5). 

5.  Crack  Initiation  at  the  edge  of  two  adjacent  holes  with  a  crack  extend¬ 
ing  from  one  hole  to  the  edge  of  the  part,  (subroutine  S1060  Ref.  Figure 

2.2- 6). 

2.2.1  Input  Data  Description  of  "Method  2" 

The  Input  parameters  needed  to  perform  the  crack  Initiation  (0.050  Inch  corner 
crack)  are  defined  In  Volume  II  of  the  report  and  summarized  below: 

(1)  Damage  Index  'dl*  for  the  Initiation  of  a  0.050  Inch  quarter-circular 
corner  crack  was  derived  during  Phase  I  of  the  program.  The  Index  for 
2024-T3  and  7075-T651  Is  given  by  the  following  equation: 

(I)  For  Group  A  (no  Interference,  clamp-up  or  sealant) 

dl  *  1.0  -  0.629  S  for  2024-T3 

max 

dl  =  0.873  -  0.795  S  for  7075-T651 

mdX 

(II)  For  Group  B,  C  and  D  (with  Interference,  clamp-up  or  sealant) 

dl  -  1.0-  0.580  S  for  2024-T3 

max 

dl  -  0.958  -  0.619  S  for  7075-T651 

maX 
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a v. ,  j 


where  S  mx  -  0.5  (an)2/t,  K  -  1  ♦  (Kt  -  1)/(1  ♦  /P/R  '  ).  The  equa¬ 
tions  above  represent  the  damage  Index  for  crack  Initiation  of  specimens  sub¬ 
jected  to  a  constant  amplitude  loading  spectrum.  For  specimens  subjected  to  a 
randomized  loading  spectrum,  the  damage  Index  'Df'  to  Initiate  a  0.05  Inch 
quarter-circular  corner  crack,  was  determined  using  weighted  average. 

(II)  Crack  Initiation  Constants 

1.  Strain  energy  density  S  *  Sp(N)ra 

S  *  10.4261  n'°*366  for  2024-T3 

S  =  20.4257  N~0*4515  for  7075-T651 

where  N  Is  the  number  of  cycles  to  failure. 

(III)  Geometry  parameters  a,  0  ,y 


(1) 

Group  A 

apy=  1.0 

(11) 

Gr^>up  B 

a(5y=  0.8503 

for  2024-T3 

*  0.8126 

for  7075-T651 

(1v)  Other  parameters  which  were  found  to  Improve  fatigue  Initiation  life 
are: 

(I)  Stress  due  to  faying  surface,  FAYSUR. 

(II)  Stress  level  due  to  Hl-Lok  clamp-up,  FRICT. 

As  a  conservative  assumption,  the  faying  surface  stress  and  the  Hl-Lok  clamp-up 
stress  may  be  set  to  zero. 
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Figure  2.1-1.  Geometrical  Configuration  of  Crack  Growth  Routine  KIOTO 


Figure  2.1 


2.  Geometrical  Configuration  of  Crack  Growth  Routine  K1020 
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Figure  2.1-4.  Geometrical  Configuration  of  Crack  Growth  Routine  K1040 
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Figure  2.1-6.  Geometrical  Configuration  u.  - 
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Figure  2.2-3.  Geometrical  Configuration  of  Crack  Initiation  Routine  S1030 
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2.3  OAMGRO  INPUT  FORMAT 


The  following  pages  describe  the  Input  format  for  the  OAMGRO  Computer  Pro¬ 
gram.  Two  files  are  needed  to  run  the  program.  "File  1*  contains  geometrical 
configurations  and  material  allowables  (Ref.  Table  2.3-1  and  pages  25  through 
39)  and  "File  2"  contains  the  spectrum  loading  considered  (Ref.  page  40) 


TABLE  2.3-1.  1 DAMGRO 1  INPUT  FILE  FORNAT 
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FILE  1 :  INPUT  DATA  CARD  NO.  1 

DESCRIPTION:  TITLE 

FORMAT:  20A4 


FIELD 

1  -  80 

VARIABLE 

TITLE  (I) 

EXAMPLE 

SPECIMEN  NO.  ABC-1  SUBJECTED  TO  A-10A  LOADING  SPECTRUM 

VARIABLE  DESCRIPTION 

TITLE  (I)  Any  alphanumeric  data  for  problem  Information,  fields  1 

1=1,  20  through  80. 


REMARKS  (1)  One  title  card  printed  on  the  first  page  of  the  output  file. 


FILE  1:  INPUT  OATA  CARD  NO.  2 

DESCRIPTION:  MATERIAL  OR  ID  INFORMATION 

FORMAT:  20A4 


FIELD 

1  -  80 

VARIABLE 

RMATID  (I) 

EXAMPLE 

2024-T351  EXT.  (REF.  DAMAGE  TOLERANCE  HANDBOOK) 

VARIABLE  DESCRIPTION 

RMATID  (I)  Any  alphanumeric  data  for  material  Information,  fields  1 

1=1,  20  through  80. 


REMARKS  (1)  One  title  card  printed  on  the  first  page  of  the  output  fll 
Non  executable  data. 


FILE  1: 


INPUT  OATA  CARO  NO.  3 


DESCRIPTION:  CRACK  GROWTH  RATE  CONSTANTS 

FORMAT:  6E10.3 


FIELD 

1  -  10 

11-20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

VARIABLE 

WALKC 

WALKM 

WALKN 

WALKMC 

WALKMM 

WALKMN 

EXAMPLE 

0.160E-09 

0.650 

4.554 

0.230E-08 

m 

3.115 

VARIABLE  DESCRIPTION 


WALKC 

•C' 

coefficient 

WALKi-i 

'm' 

coefficient 

WALKMC 

'n' 

coefficient 

WALKMC 

'C 

coefficient 

WALKMM 

•m' 

coefficient 

WALKMN 

'n' 

coefficient 

In  Walker's  equation  for  R  £0 
In  Walker's  equation  for  R  iO 
In  Walker's  equation  for  R  2,  0 
In  Walker's  equation  for  R  <  0 
In  Walker's  equation  for  R  <  0 
In  Walker's  equation  for  R  <  0 


REMARKS  (1)  To  represent  the  modified  Walker's  equation: 


PILE  1 :  INPUT  DATA  CARD  NO.  4 

DESCRIPTION:  MATERIAL  PROPERTIES  FOR  CRACK  GROWTH 

FORMAT:  7F10.4 


FIELD 

1  -  10 

11  -  20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

VARIABLE 

CKC 

KIC 

S1GMAY 

CKMXTH 

SHUTOF 

RCUT 

RCUTN 

EXAMPLE 

58.0 

36.0 

53.30 

2.0 

2.3 

0.99 

-0.99 

VARIABLE 

DESCRIPTION 

CKC 

Plane  stress  fracture  toughness,  Kc 

KIC 

Plane  strain  fracture  toughness,  Kic 

SIGMAY 

Tensile  yield  stress,  Fty 

CKMXTH 

Kmax  for  threshold  da/dn 

SHUTOF 

Retardation  shut-off  ratio 

RCUT 

Postive  stress  ratio  * R '  cut-off 

RCUTN 

Negative  stress  ratio  * R *  cut-off 

REMARKS  (1)  Executable  data  when  Method  1  is  used. 
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PILE  1:  INPUT  DATA  CARD  NO.  5 

DESCRIPTION:  MATERIAL  PROPERTIES  FOR  CRACK  INITIATION 

FORMAT:  8F10.4 


FIELD 

1  -  10 

11-20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

71  -  80 

VARIABLE 

SF 

RM 

DMG 

ELAMOD 

ZOU 

ALPHA 

BETA 

GAMMA 

EXAMPLE 

10.426 

-0.366 

0.872 

0.107E5 

0.022 

0.875 

1.0 

1.0 

VARIABLE 

SF 

RM 

DMG 

ELAMOD 

ZOU 

ALPHA 

BETA 

GAMMA 


Crack  Initiation  eqn.  constant,  SF 
Crack  Initiation  eqn.  constant,  m 
Damage  Index  for  crack  Initiation,  d-j 
Elastic  modulus,  E 
Nueber  material  constant,  f> 

Stress  severity  factor  parameter, a 
Stress  severity  factor  parameter,^ 
Stress  severity  factor  parameter, y 


REMARKS 


(1)  Executable  when  Method  2  Is  used. 


FILE  1;  INPUT  DATA  CARD  NO.  6 


i 


DESCRIPTION: 

FORMAT: 


CRACK  SIZE  DATA 
8F10.5 


VARIABLE 

CI1 

CF1 

All 

AF1 

CI2 

CF2 

CI2 

CF2 


DESCRIPTION 

Initial  crack  length  of  crack  No.  1 
Final  crack  length  of  crack  No.  1 
Initial  crack  depth  of  crack  No.  1 
Final  crack  depth  of  crack  No.  1 
Initial  crack  length  of  crack  No.  2 
Final  crack  length  of  crack  No.  2 
Initial  crack  depth  of  crack  No.  2 
Final  crack  depth  of  crack  No.  2 


FIELD 

1  -  10 

11-20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

71  -  80 

VARIABLE 

CTI 

CFI 

All 

AF1 

CI2 

CF2 

CI2 

CF2 

EXAMPLE 

0.050 

0.75 

0.050 

0.188 

0.0 

0.0 

0.0 

0.0 

REMARKS  (1)  Initial  flaw  configuration  consistent  with  the  subroutines  for 
growth  and  initiation. 


FILE  1:  INPUT  DATA  CARO  NO.  7 


DESCRIPTION: 

FORMAT: 


RETARDATION  PARAMETERS  AT  THE  EDGE  OF  CRACK  NO.  1 
8E10.4 


FIELD 

BB 

11-20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

71  -  80 

VARIABLE 

APA0L1 

APC0L1 

RYA0L1 

RYC0L1 

AK0L1 

CK0L1 

A0L1 

C0L1 

EXAMPLE 

0.192E0 

.889E0 

.386E-2 

.241E-1 

.  144E2 

.208E2 

. 188E0 

.865E0 

VARIABLE 

APA0L1 

APCOL1 

RYAOL1 

RYCOL1 

AKOL1 

CKOL1 

AOL1 

COL1 


REMARKS 


DESCRIPTION 

Depth  of  crack  No.  I  plus  plastic  zone  size  at  overload 
Length  of  crack  No.  1  plus  plastic  zone  size  at  overload 
Plane  strain  plastic  zone  for  crack  No.  1  at  overload 
Plane  stress  plastic  zone  for  crack  No.  1  at  overload 
Depth  direction  K^*  for  crack  No.  1  at  overload 
Surface  direction  K^x  for  crack  No.  1  at  overload 
Depth  of  crack  No.  1  at  overload 
Length  of  crack  No.  1  at  overload 


(1)  Executable  when  Method  1  is  used. 

(2)  Initial  values  are  equal  to  0.0. 
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FILE  1: 


INPUT  DATA  CARD  NO.  8 


DESCRIPTION:  RETARDATION  PARAMETERS  AT  THE  EDGE  OF  CRACK  NO.  2 

FORMAT:  8E10.4 


FIELD 

1  -  10 

11-20 

21  -  30 

31  -  40 

i 

41  -  50 

51  -  60 

61  -  70 

71  -  80 

VARIABLE 

APA0L2 

APC0L2 

RYA0L2 

RYC0L2 

AK0L2 

CK0L2 

A0L2 

C0L2 

EXAMPLE 

liM 

mm 

EM 

EM 

EBB 

VARIABLE  DESCRIPTION 


APAOL2 
APCOI  2 
RYAOL2 
RYCOL2 
AK0I2 
CKOI.2 
AOL2 
COL  2 


Depth  of  crack  No.  2  plus  plastic  zone  size  at  overload 
Length  of  crack  No.  2  plus  plastic  zone  size  at  overload 
Plane  strain  plastic  zone  for  crack  No.  2  at  overload 
Plane  stress  plastic  zone  for  crack  No.  2  at  overload 
Depth  direction  K^x  for  crack  No.  2  at  overload 
Surface  direction  KmaX  for  crack  No.  2  at  overload 
Depth  of  crack  No.  2  at  overload 
Length  of  crack  No.  2  at  overload 


REMARKS  (1)  Executable  when  Method  1  Is  used. 


(2)  Initial  values  are  equal  to  0.0. 
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FILE  1 


.  -  4ta  "Jr*  ■ 


:  INPUT  DATA  CARD  NO.  9 


DESCRIPTION: 

FORMAT: 


FATIGUE  DAMAGE  PARAMETERS 
6E10.4 


FIELD 

1  -  10 

11  -  20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

VARIABLE 

0MG1 

DMGOLI 

DELOGl 

DMG2 

DHG0L2 

DEL0C2 

EXAMPLE 

. 333E0 

.685E-04 

0.0 

.430E-01 

.179E-05 

MM 

VARIABLE 

DMG1 

DMGOLI 

DELOGl 

DMG2 

0MG0L2 

DELOG2 


REMARKS 


DESCRIPTION 

Accumulated  damage  for  site  No.  1 

Damage  at  overload  for  site  No.  1 

Accumulated  damage  for  site  No.  1  since  last  overload 

Accumulated  damage  for  site  No.  2 

Damage  at  overload  for  site  No.  2 

Accumulated  damage  for  site  No.  2  since  last  overload 


(1)  Executable  when  Method  2  is  used. 

(2)  Initial  values  are  equal  to  0.0. 


iV>' 


wwi 


FILE  1: 


INPUT  OATA  CARD  NO.  10 


DESCRIPTION:  MODEL  GEOMETRY  AND  LOADING  CONFIGURATION 

FORMAT:  7F10.4,  F5.1,  F5.2 


FIELD 

1  -  10 

VARIABLE 

THK 

EXAMPLE 

0.188 

11-20 

RADIUS 

0.125 


21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

71-75 

B1 

B2 

B0LTM1 

B0LTM2 

EOD 

CBK 

2.14 

0.5 

0.0825 

-0.0026 

mm 

20.0 

76-80 

PINDEF 

1.06 


VARIABLE 

DESCRIPTION 

THK 

Thickness  of  specimen 

RADIUS 

Radius  of  middle  hole 

B1 

R.H.S.  edge  distance  to  mid  hole 

B2 

L.H.S.  edge  distance  to  mid  hole 

B0LTM1 

Fraction  of  load  transfer  by  mid  bolt 

B0LTM2 

Fraction  of  Load  transfer  by  mid  bolt 

EOD 

E/D  ratio 

CBK 

%  countersunk  height 

PINDEF 

Pin  deflection 

REMARKS  (!) 

Executable  for  both  Methods. 

FILE  Is  INPUTDATACARDNO.il 

DESCRIPTION:  MODEL  GEOMETRY  AND  LOADING  CONFIGURATION 

FORMAT:  8F10.4 


FIELD 

1  -  10 

11  -  20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

VARIABLE 

RADI 

RAD2 

HOD I SI 

H0DIS2 

B0LTR1 

B0LTR2 

EXAMPLE 

0.125 

0 

0 

1 .64 

UM 

0.0825 

0.0100 

61  -  70  71  -  80 
B0LTL1  B0LTL2 


0.0 


0.0 


VARIABLE  DESCRIPTION 


RADI 

Radius  of  R.H.S. 

RAD  2 

Radius  of  L.H.S. 

H0DIS1 

Distance  between 

H0DIS2 

Distance  between 

B0LTR1 

Fraction  of  load 

B0LTR2 

Fraction  of  Load 

BOLTL1 

Fraction  of  load 

B0LTL2 

Fraction  of  Load 

hole 

hole 

mid  and  R.H.S.  holes 
mid  and  L.H.S.  holes 
transfer  in  R.H.S.  bolt  -  C^ 
transfer  in  R.H.S.  bolt  -  C2 
transfer  in  L.H.S.  bolt  -  Ci 
transfer  in  L.H.S.  bolt  -  C2 


O)  Executable  for  both  Methods. 
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FILM:  INPUT  DATA  CARD  NO.  12 

DESCRIPTION:  SURFACE  STRESSES 

FORMAT:  2F10.4 


FIELD 

1  -  10 

11-20 

VARIABLE 

FRICT 

FAYSUR 

EXAMPLE 

3.00 

2.00 

VARIABLE  DESCRIPTION 

FRICT  Friction  stress  due  to  fastener  pre-load 

FAYSUR  Faying  surface  friction  stress 

REMARKS  (T)  Executable  for  both  Method  1  and  Method  2 


FILE  1: 


INPUT  DATA  CARD  NO.  13 


DESCRIPTION:  SPECTRUM  AND  ROUTINE  SELECTION 

FORMAT:  815  (RIGHT  JUSTIFIED) 


FIELD 

1  -  5 

m 

11  -  15 

16  -  20 

21  -  25 

26-  30 

31  -  35 

36  -  40 

VARIABLE 

IRESTA 

NSOLD 

NCRKS 

NINITS 

IRETAD 

NBLKS 

KID 

LID 

EXAMPLE 

0 

0 

1 

2 

1 

100 

1010 

1010 

VARIABLE  DESCRIPTION 

IRESTA  1  a  re-start  problem,  otherwise  0 

NSOLD  Old  step  number  from  spectrum  at  stop 

NCRKS  Number  of  crack  tips 

NINITS  Number  of  crack  Initiation  sites 

IRETAD  Code  to  Include  retardation  1,  otherwise  0 

NBLKS  Maximum  number  of  blocks  for  analysis 

KID  Stress  Intensity  factor  code  KXXXX  subroutine 

LID  Stress  concentration  factor  code  SXXXX  subroutine 


REMARKS  (1)  Routines  selection  (Ref.  Figures  2.1-1  through  2.2-6). 


FILE  1: 


INPUT  OATA  CARO  NO.  14 


DESCRIPTION:  STRINGER'S  VARIABLES 

FORMAT:  8F10.4 


FIELD 

1-10 

11-20 

21  -  30 

31  -  40 

41  -  50 

51  -  60 

61  -  70 

i 

71  -  80 

VARIABLE 

VAR1 

VAR2 

VAR3 

VAR4 

VAR5 

VAR6 

!  VAR7 

VAR8 

EXAMPLE 

1.226 

1.414 

0.462 

1.0 

0.2658 

VARIABLE 

K2010 

K2020 

SUBROUTINE 

K2040 

K2050 

K2060 

VAR1 

Ml 

Ml 

Ml 

HTG 

D 

VAR2 

M2 

M2 

M2 

XBAR 

XBAR 

VAR3 

T2 

T2 

T2 

YBAR 

YBAR 

VAR4 

SFJ 

SFJ 

SFJ 

*XX 

*XX 

VAR5 

CLTD 

CLTD 

CLTD 

IYY 

Iyy 

VAR6 

IXY 

IXY 

VAR7 

T2 

TU 

VAR8 

REMARKS 

(1) 

User  defined 

variables 

used  only  with 

subroutines 

K2010, 

K2020,  K2040, 

K2050  and 

K2060. 

(2) 

Definition  of 

variable 

reference  pages 

41  and  42. 

FILE  1: 


INPUT  DATA  CARO  NO.  IS 


DESCRIPTION:  SPECTRUH  DESCRIPTION 

FORMAT:  3F10.4,  110 


FIELD 

1  -  10 

VARIABLE 

FLTBLK 

EXAMPLE 

120.0 

11  -  20  |  21  -  30  31-40 


BLKLIF  I  FLTHR  i  ISTRES 


VARIABLE 


FLTBLK  Total  number  of  flights  In  one  block 

BLKLIF  Total  number  of  blocks  In  one  design  lifetime 

FLTHR  Total  number  of  flight  hours  In  one  design  lifetime 

ISTRES  Flag  for  output  of  stress  spectrum  (=1  If  desired) 


REMARKS 


(1)  Non  executable  variables. 


PILE  2 


INPUT  DATA  CARO  NO.  1 


DESCRIPTION:  LOADING  SPECTRUM 

FORMAT:  3F10.3 


FIELD 

0-10 

11-20 

21  -  30 

VARIABLE 

SIGMAX(I) 

STGMIN(l) 

CYC ( I ) 

EXAMPLE 

21.7 

-  5.0 

135.0 

35.0 

21.0 

3.0 

VARIABLE  DESCRIPTION 

SIGMAX(I)  Maximum  stress  level 

SIGMIN(I)  Minimum  stress  level 

CYC ( I )  Number  of  cycles  In  the  layer 


REMARKS  (1)  Maximum  3000  stress  layers. 


40 


TABLE  2.3-2.  VARIABLES  DEFINITION  OF  SUBROUTINES  K2010,  *2020  AND  K2040 


—I  |— T2 


— -  |— W2 
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TABLE  2.3-3.  VARIABLE  DEFINITIONS  OF  SUBROUTINE  K2050 


HOT  =  Stringer  Height 
XBAR  =  x 
YBAR  =  y 

I  =  moment  of  Inertia  x  -  x 
xx 

I  =  moment  of  Inertia  y  -  y 

yy 

1  =  product  of  inertia  x  -  y 

xy 

TU  =  Thickness  of  upstanding  leg 


TABLE  2.3-4.  VARIABLE  DEFINITION  OF  SUBROUTINE  IC2060 


D 

XBAR 

YBAR 


Distance  from  <£  of  hole  to  outer  surface  of  upstanding  leg 


x 

y 

moment  of  inertia  x  -  x 
moment  of  inertia  y  -  y 
product  of  Inertia  x  -  y 
Thickness  of  upstanding  leg 


3.0  EXAMPLE  RUNS 

This  section  presents  three  (3)  examples  to  illustrate  the  usage  of  DAMGRO 
Computer  Program.  They  include  the  following: 

(1)  Skin  section  subjected  to  a  constant  amplitude  loading,  with  maximum 

gross  stress  of  17.0  KSI,  R  =  0.10  (Ref.  pages  44  through  65). 

(2)  Skin  section  subjected  to  a  randomized  loading  spectrum.  The  modified 

Willenborg  model  was  applied  (Ref.  pages  66  through  90). 

(3)  Stringer  section  subjected  to  a  constant  amplitude  loading  spectrum, 
with  maximum  gross  stress  of  17.0  KSI,  R  =  0.10  (Ref.  pages  91  through 
107). 


EXAMPLE  1 


SKIN  SECTION  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADINB 


MATERIAL: 

2024-T3  SHEET 
LOADING  SPECTRUM: 

CONSTANT  AMPLITUDE 

^  max  *  17-0  KSI  ^min  *1*7  KSI 


REF.  PAGES  45  THROUGH  65 


TABLE  3.1.1.  EXAMPLE!,  METHOD  1  SUMMARY  TABLE 


REF.  PAGES  46  THROUGH  51 

/-  INITIAL 
/  FLAW 

/ 

/ 

O 2  I  /^l _ !  q3  _ 


i  i 


°1 

0  2 

0 

I 

r  3 

1 

LIFE 

ROUTINE 

RUN 

(IN) 

(IN) 

UNI 

(CYCLES) 

GROWTH 

NO. 

.050 

0 

.1 

305 

0 

K1010 

1 

.102 

0 

10,000 

KIOTO 

1 

.220 

0 

20,000 

KIOTO 

1 

.419 

0 

30,000 

K1010 

1 

.788 

0 

40,000 

K1010 

1 

1.39 

0 

46,625 

K1010 

1 

0 

.380 

48,025 

K1030 

2 

0 

1.034 

50,025 

K1030 

2 

0 

1.955 

52,625 

K1030 

2 

0 

3.484 

54,625 

K1030 

2 

0 

7.303 

56,198 

K1030 

2 

NO.  OF  CYCLES  TO 

FAILURE  -  56,198 

CYCLES 

TABLE  3. 1.1-1.  EXAMPLE  1,  METHOD  1,  RUN  1  INPUT  FILE 


EXAHPLr  MIN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMLITUDE  LOADING  SPECTRUM 
2024-13  SHEET 

2.2374L  09  0.70  3.3386  6. 2126E-9  0.00  2.9783 

•16.00  36.0  53.0  2.0  2.3  0.99  -0.99 

10. 426  -.366  0.887  10700.0  0.022  1.000  1.0  1.0 

0.050  1.390  0.050  0.188  .0000  0.000  0.000  0.000 

0 .  OOOOE+OOO .  OOOOE+OO© .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OO 
0 . OOOOF +000 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 
0 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 


0.188 

0.1250 

8.18 

9.82 

0.00000 

. 00000 

99.900 

50.  1.00 

0 . 0000 

0.1250 

0.00 

1  .64 

0.00000 

.00000 

0.00000 

.00000 

0.000 

0.0000 

0  00 

1  0 

1  100 

1010  0000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000. 

1 

TABLE  3. 1.1 -2.  EXAMPLE  1,  METHOD  1,  RUN  1  OUTPUT  FILE 


**«*«  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  »«*»* 

EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 
*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 

NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH  *  1;  CRACK  INITIATION  -  0 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  =  1010;  CRACK  INITIATION  =  0 

LOAD  INTERACTION  :  NONE 

MATERIAL  :  2024-T3  SHEET 

WALKER  EQ.  CONST.  < +R  >  C  =  0.224E-08,  M  -0.700,  N  -3.339 

WALKER  EQ.  CONST.  (-R)  :  C  =  0.621E-08,  M  -0.000,  N  =2.978 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT-OFF  =  0.9900,  -R  CUT-OFF  »  -0.9900 

YIELD  STRENGTH  53.000 

ELASTIC  MODULUS  -  0.1070E+05 

PL.  STRESS  TRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  TRACT .  TOUGHNESS  =  36.00 

DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.892 

NEUBER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EQ.  CONST.  SF  =  10.426,  M  —.366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  *  1.0000,  BETA  =  1.0000,  GAMMA  =  1.0000 

SPECIFIED  DAMAGE  CONDITIONS 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1  0.05000 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  1.39000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  0.05000 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  :  0.18800 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2  0.00000 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  2  0.00000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  0.000^0 

FINAL  CRACK  DEPTH  Of  CRACK  NU .  2  :  0.00000 

PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY 

APA0L1  =  .OOOE+OO,  APC0L1  =  .OOOE+OO,  RYA0L1  -  .OOOF+OO,  RYC0L1  =  .OOOE+OC 

AK0L1  =  . OOOE  * 00 ,  CK0L1  ■  .OOOE+0O,  A01.1  =  .OOOE+OO,  C0L1  -  .OOOFiOO 

APA0L2  -  .OOOE+OO,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC01.2  -  .0001 +0© 

AK0L2  -  .OOOE+OO,  CK0L2  =  .OOOE+OO,  AOL?  *  .OOOE+OO,  COL?  *  .0001 +00 

PARAMETERS  FROM  PREVIOUS  CRACK  INITIATION  HISTORY 

DMG1  =  .OOOE+OO,  DMGOl  1  =.00'>E+00,  DEI  DC,  1  -.OOOE+OO 
DMG2  -  .OOOf  +00,  DMGOl  2  -  .OOOE+OO,  DEIDG2  =  .0+>OF  +  00 


TABLE  3. 1.1-2.  EXAMPLE  1,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


i 


'i 


A 


V 

« 


6 


i 


■j 


COMPONENT  GEOMETRY  : 

THICKNESS  OF  PLATE  : 

RADIUS  OF  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  = 

RADIUS  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS 
FAYING  SURFACE  FRICTION  STRESS  : 


0.18800 
0.12500 
99.89999 
9.82000 
8.18000 
0.00000, 
0.12500 
1 . 6400© 
0.00000, 
0.00000 
0.00000 
0.00000, 
20.0 
1  .00 
0.0000 
0.0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM  : 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  :  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  :  10000.000 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  :  120.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  25.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  :  6000.000 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  :  17.000 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  10 


STRESS  LAYERS  IN  ONE  BLOCK  : 

STEP  SIGMA-MAX  SIGMA-MIN  CYCLES 

1  17.000  1.700  1000.000 

3  17.000  1.700  1000.000 

5  17.000  1.700  1000.000 

7  17.000  1.700  1000.000 

9  17.000  1 .700  1000.000 


STEP  SIGMA-MAX  SIGMA-MIN  CYCLES 

2  17.000  1.700  1000.000 

4  17.000  1.700  1000.000 

6  17.000  1.700  1000.000 

0  17.000  1.700  1000.000 

10  17.000  1.700  1000.000 


TABLE  3. 1.1-2.  EXAMPLE  1,  METHOO  1.  RUN  1  OUTPUT  FILE  (CONCLUDED) 


#*##«**  DAMAGE  GROWTH  HISTORY 


BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX-A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

0.0 

0.05000 

0.00000 

9.054 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.05000 

0.00000 

1 1 .348 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

1  .0 

0.10203 

0.00000 

12.570 

0.000 

. 434E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.13103 

0.00000 

13.606 

0.000 

. 675E-03 

.OOOE+OO 

.OOOE+OO 

•OOOE+OO 

STABLE 

BREAK-THROUGH  OF 

CRACK  NO. 

1  OCCURS 

AT  : 

CYC=  135.0 

,  STEP 

=  6, 

BLOCK  = 

2,  CRACK  DEPTH  = 

0.18805 

CRACK 

DEPTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

2.0 

0.22022 

0.00000 

15.227 

0.000 

. 985E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

. 475E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

3.0 

0.41962 

0.00000 

17.733 

0.000 

. 1 66E-02 

.OOOE+OO 

.OOOE+OO 

•OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

4.0 

0.78810 

0.00000 

22.009 

0.000 

.307E-02 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

•OOOE+OO 

CRACK  NO.  1  HAS  REACHED  THE  SPECIFIED  LENGTH  1.3900  INCHES  AT  : 

CYC  =  625.0,  STEP  =  ?,  BLOCK  -  5,  CKMAXS«=  63.24,  C1  =  1.39096 

TERMINATE  DAMAGE  COMPUTATION 


CRACK  LENGTHS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION  : 
Cl  =  1.39096,  A1  «  0.18800,  C2  -  0.00000,  A2  »  0.00000 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

APAOl.1  =  . OOOE+OO ,  APC0L1  =  .OOOE+OO,  RYA0L1  =  .OOOE+OO,  RYC0L1  =  .OOOE+OC 

AK0L1  -  . OOOE+OO ,  CK0L1  =  .OOOE+OO,  A0L1  =  .OOOE+OO,  C0L1  *  .OOOE+OC 

APA0L2  -  .OOOE+OO,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC0L2  =  .OOOE+OO 

AK0L2  =  .OOOE+OO,  CK0L2  =  .OOOE+OO,  A0L2  =  .OOOE+OO,  C0L2  *  .OOOE+OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG1  =  .OOOE+OO,  DMG0L1  =. OOOE+OO,  DELDG1  =. OOOE+OO 
DMG2  »  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG2  =. OOOE+OO 


TABLE  3. 1.1-3.  EXAMPLE  1,  METHOD  1,  RUN  2  INPUT  FILE 


EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CUNS1AN1  AML  I  TUBE  LOADING  SPECIRUM 
2024  13  SHEET 

2.2374E09  0.70  3.3386  6.2126E-9  0.00  2. 9783 

116. 00  36.0  53.0  2.0  2.3  0.99  -0.99 

10.426  -.366  0.887  10700.0  0.022  1.000  1.0  1.0 

0.055  8.180  0.072  0.188  .0000  0.000  0.000  0.000 

0 .  OOOOL  +  OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO  .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO  .  OOOOE+OO 
0 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 
0 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 


0.188 

0.1250 

8.18 

9.82 

0.00000 

.00000 

99.900  50. 

1  .00 

.0000 

0.1250 

0.00 

1.64 

0.00000 

.00000 

0.00000 

,  00000 

i.OOO 

0.0000 

i  00 

1  0 

1  100 

1030  0000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000. 

1 

TABLE  3. 1.1-4.  EXAMPLE  1,  METHOD  1,  RUN  2  OUTPUT  FILE 


*******  DETAILED  DAMAC.fr  GROWTH  ANALY.Tl.ir  PROGRAM  DAM  G  R  0  *«»** 

EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 
«  THIS  ANALYSIS  STARTS  AT  THE  PEGINNING  OF  THE  STRESS  SPECTRUM  « 

NO.  OF  SITES  TO  PE  ANALYZED  :  CRACK  GROWTH  -  1 ;  CRACK  INITIATION  = 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  =  1©30j  CRACK  INITIATION  « 

LOAD  INTERACTION  :  NONE 

MATERIAL  :  2024-T3  SHEET 

WALKER  EQ.  CONST.  <+R)  :  C  =  0.224E-08,  M  =0.700,  N  =3.339 

WALKER  EG!.  CONST.  (-R)  :  C  =  0.62 IE-08,  M  =0.000,  N  =2.978 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 
RETARDATION  SHUT-OFF  RATIO  =  2.300 
+R  CUT  OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 
YIELD  STRENGTH  :  53.000 

ELASTIC  MODULUS  =  0.1070E+05 
PI.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 
DAMAGE  INDEX  FOE'  CRACK  INITIATION  =  0.892 

NFURER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EG!.  CONST.  SF  *  10.426,  M  =-  .366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  =  1.0000,  GAMMA  =  1 .0000 

SPEC I TIED  DAMAGE  CONDITIONS 

INITIAI  CRACK  LENGTH  OF  CRACK  NO.  1  :  0.05500 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  0.(80<V> 

IMTTIAI  CRACK  DEPTH  OF  CRACK  Nil.  1  .  0.©72'>0 

FINAL  CRACK  DEPTH  Of  CRACK  NO.  1  0 . 1 8fi.w> 

INITIAI.  CRACK  LENGTH  OF  CRACK  MO.  2  0.0'>0(>O 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  2  :  0.00000 

INITIAI  CRACK  DEPTH  OF  CRACK  HO.  2  0.00000 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  2  0.00000 

PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY 

APA0L1  =  .00OE+00,  Af'COLI  *  -OOOE+OO,  RYA0L1  *  .0001*00.  RYCOI  I 

AKOI  1  -•  .OOOE+OO.  CK0L1  -  .0*.or»00,  API  I  =  OOOF  *  oo .  rni  i 

APA0L2  =  .OOOE+OO,  APCOL?  =  .OOOE+OO,  RYAOI  2  =  .OOOE+OO.  RYCOI  2 

AK  01. 2  =  .OOOE+OO,  CKOL?  . floor +P0,  AOI  2  =  .OOOE+OO,  COI 

PARAMETERS  FROM  PRI  VIOUS  TRACK  (NUTATION  HISTORY 

DMG 1  .  AQOE  I'". .  DMGOI  1  .  O+OP  +  OO,  DPI  tv  I  .■  ■'  '•'f  *'*') 

OMR 7  DM*. ill  .2  ■  .  N-.  n  i  MO  .  or  |  t.1  .:  •  MirH'i  iO 


=  .  OO'H  <  00 

-  oo'-'r  mu') 
=.  ,  '  lOrt 
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o  c 


TABLE  3. 1.1-4.  EXAMPLE  1,  METHOO  1,  RUN  2  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE  : 

RADIUS  OF  MID.  HOLE  • 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  ■ 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT 
RADIUS  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MTD.  AND  R.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS 
FAYING  SURFACE  FRICTION  STRESS  ; 


0.1 0800 

0 . 1 7500 
99.899«9 
8.1 8000 
9.811000 
0  .  <>■  >000  , 
0 . 00000 
0.00000 
0.00000, 
0, 1 8500 
1  .  '.4000 
O.KOOOO, 
20 .  A 
1  . 00 
0  0000 
0,0000 


0 . 00000 

0.00000 

0 .  OOf'OO 


STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  2000.000 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  1 2" . 000 

NO,  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  85  0- 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  •  6000.000 

MAXIMUM  PEAK  STRESS  Of  THE  SPECTRUM  1."  000 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  2 


mmmmmsm 


TABLE  3. 1.1-4. 


EXAMPLE  1,  METHOD  1,  RUN  2  OUTPUT  FILE  (CONCLUDED) 


STRESS  LAYERS  IN  ONE  BLOCK 


STEP  SIGMA- 

MAX  SIGMA 

-MIN  CYCLES 

STEP  SIGMA  MAX 

SIGMA  MIN 

CYCLES 

1  17. 

000  1 

.700  1000.000 

**> 

t.. 

1 7 . 000 

1  .  700 

1000.0-0 

STAPLE 

BREAK-THROUGH  OF  CRACK  NO. 

1  OCCURS 

AT 

CYC=  946.0 

i ,  STEF-  = 

1  , 

BLOCK  = 

1 ,  CRACK  DEPTH  = 

0.18893 

CRACK 

DEPTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

0.0 

0. 05500 

0.00000 

23.358 

0.000 

.OOOF+OO 

OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.07200 

0.00000 

25.781 

0.000 

.OOOE+OO 

. 000 F  +00 

.OOOE+OO 

, 00 OF • 00 

1  .0 

0.38048 

0.00000 

35.380 

0.000 

.271  F  02 

.0001 *00 

. 00 OF +00 

. OOOF *  00 

0.18800 

0.00000 

0 . 000 

0 . 000 

.9671-03 

.OOOE+OO 

•OOOE+OO 

. OOOE +00 

2.0 

1 .03462 

O.OOOAO 

39.558 

0.000 

. 545E -  02 

,  0001  00 

.oo or  too 

. oonr  *  oo 

0.18800 

0.00000 

0 . 000 

0.000 

.OOOE+OO 

•OOOE+OO 

.OOOE+OO 

.OA0E+OO 

3.0 

1 .95571 

0.00000 

44.499 

0.000 

. 768E-02 

.OOOE+OO 

. OOOE+OO 

. OOOE + 00 

0.18800 

0 . 00000 

0 . 000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE +00 

4.0 

3.48375 

0.00000 

54.072 

0.000 

. 127E  -01 

.OOOE+OO 

.OOOE+OO 

.OOOE 1 oo 

0 . 1 8800 

0.00000 

0 . 000 

0.000 

.OOOE+OO 

.OOOE+OO 

. OOOE+OO 

. OOOE*  00 

UNSTABLE  GROWTH  OF-  CRACK  NO.  1  OCCURS  AT: 

CYC  =  573.0,  STEP  =  2,  BLOCK  =  5,  CRACK  LENGTH  =  7.30257,  CKhAXS-1  1 A . 4 

THE  OTHER  CRACK  LENGTH  =  0.00000 
TERMINATE  DAMAGE  COMPUTATION 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  Or  CRACK  GROWTH  COMPUTATION 

APAOL 1  =  .  OOOE+OO ,  APC0I.1  *>  .OOOE+OO,  RYA0I..1  *  .OOOE+OO.  RYC0L1  *  .OAOF'OO 

AK0L1  *  . OOOE+OO,  CK0L1  =  .OOOE+OO,  A0L1  =  .OOOE+0O,  C0L1  -  .OOOE+on 

APAOL 2  -  .OOOE+OO,  APC0L2  =  .OOOE +00,  RYA0L2  ~  .OOOE+0O,  RYC0L2  *  .OAOF'OO 

A  KOI.  2  *  .OOOE+OO.  CK0L2  =  '.OOOE  +  OO,  A0L2  *  .OOOE+O-',  C0I..2  *  .  OOOE+OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG 1  =  .OOOE+OO,  DMG0I.1  -.OOOE+OO,  PELDG1  =.0«or>0© 

I)MG2  =  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG2  «. OOOE+OO 
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TABLE  3.1.2.  EXAMPLE  1 ,  METHOD  2  SUMMARY  TABLE 

REF.  PAGES  53  THROUGH  65 


i 


a  i 

a  2 

a  3 

LIFE 

ROUTINES 

RUN 

mi 

(IN) 

(IN) 

(CYCLES) 

GROWTH 

INITIATION 

NO. 

.050 

0 

0 

0 

K1010 

SI  010 

1 

.102 

0 

0 

10,000 

K1010 

SI  010 

1 

.220 

0 

0 

20,000 

KIOTO 

SI  010 

1 

.419 

0 

0 

30,000 

KIOTO 

SI  010 

1 

.788 

0 

0 

40,000 

K1010 

SI  010 

1 

.904 

0 

0 

42,000 

KIOTO 

SI  010 

1 

1.048 

0 

0 

44,000 

K1010 

SI  010 

1 

1.246 

0 

0 

46,000 

KIOTO 

SI  010 

1 

1.39 

0 

0 

46,625 

K1010 

SI  010 

1 

.050 

0 

51,625 

- 

SI  040 

2 

.330 

0 

53,625 

K1030 

SI  050 

3 

.961 

0 

55,625 

K1030 

SI  050 

3 

1.364 

0.050 

56,625 

K1030 

SI  050 

3 

2.618 

1.233 

58,625 

K1050 

- 

4 

3.254 

4.572 

59,625 

K1050 

- 

4 

NO.  OF  CYCLES  TO  SECONDARY  CRACK  INITIATION  «  51 ,625  CYCLES 
NO.  OF  CYCLES  TO  FAILURE  -  59,625  CYCLES 


TABLE  3. 1.2-1.  EXAMPLE  1.  METHOD  2,  RUN  1  INPUT  FILE 


EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMLITUDE  LOADING  SPECTRUM 
2024-T3  SHEET 

2.2374E-09  0.70  3.3386  6.2126E-9  0.00  2.9783 

116.00  36.0  53.0  2.0  2.3  0.99  -0.99 

to. 4.6  -.366  0.892  10700.0  0.022  1.000  1.0  1.0 

0.050  1.390  0.050  0.188  .0000  0.000  0.000  0.000 

0 .  OOOOE+OOO .  OOOOE+OO© .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OO 
0 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 
0 . OOOOE+OOO . OOOOE  +000 . OOOOE  +  OOO . OOOOE  +  OOO . OOOOE+OOO . OOOOE+OO 


0.188 

0.1250 

8.18 

9.82 

0.00000 

.00000 

99.900 

50.  1.00 

>.0000 

0.1250 

0.00 

1  .64 

0.00000 

. 00000 

0.00000 

.00000 

1.000 

0 . 0000 

I  GO 

1  2 

1  100 

1010  1010 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000. 

1 

TABLE  3. 1.2-2.  EXAMPLE  1,  METHOD  2,  RUN  1  OUTPUT  FILE 


#«##*  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  »*«** 

EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 

«  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 

NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH  *  1 ,  CRACK  INITIATION  -  2 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  =  1010;  CRACK  INITIATION  =  1010 

LOAD  INTERACTION  :  NONE 

MATERIAL  2024-T3  SHEET 

WALKER  EQ .  CONST.  <+R>  C  “  0.224E-0B,  M  *0.700.  N  *3.13? 

WALKER  EQ.  CONST.  <-R>  C  *  0.62 IE-08,  M  *0.000.  N  -2.978 

MAX.  K  FOR  DC/DN  THRESHOLD  *  2.A00 

Rf  TARDATION  SHUT-OFF  RATIO  *  2.300 

+R  CUT  OFF  =  0.9900,  R  CUT  OFF  =  0.9900 

YIELD  STRENGTH  ;  53.000 

El  AST  l  C  MODULUS  =  0. 1070k!  t  05 

FT.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  *  36.00 

DAMAGE  INDEX  FUR  CRACK  INITIATION  *  0.892 

NEIJBER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EQ.  CONST.  .  SF  *•  10.426,  M  =-.366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  =  1.0000,  GAMMA  *•  1.0000 

SPECIFIED  DAMAGE  CONDITIONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1  0.05000 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  1.39000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  i  .  0.0500O 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  0.18800 

INITIAL  CRACK  LENGTH  or  CRACK  NO.  2  :  0.00000 

ETNAL  CRACK  LENGTH  OF  CRACK  NO.  2  0.00000 

INITIAL  CRACK  DEPTH  OE  CRACK  NO.  2  0.00000 

FINAL  CRACK  DEPTH  OF  CRACK  NO .  2  •  O.oAOOO 

PARAMETERS  FROM  PREVIOUS  CRACI  GROWTH  HISTORY 

APAOl  1  =  .  000E+  00  .  APCOL 1  *  .  0O0F  +O0 .  RYAIJL1  *  .'WH*OA,  RY  +  Ul.1  *  .  AOOF  '  «">0 

AKOI  1  *  .OOOF  +  OO.  CK 01.  1  =  OOOEiOO,  .'.01  1  “  .00^1  *  >0.  <  01.1  =  .OOOI.OO 

APAOL 2  =  .  OOOE •  00 ,  APCUL2  *  .OOOEiOO,  RYAUL  ’  -  .Ooor  »00.  RYC0I.2  *  .•V)0E*00 

AK0L2  *  .0001+00,  CKOL  2  *  .'>001  +  00,  AOI  ”  .0001  «'>0.  nil  9  =  OWI  «'*'> 

PARAMETERS  FROM  PREVIOUS  CRACI  INITIATION  HIS  KOPY 

DMG 1  *  .0001*00,  DM  GO  I.  1  =  '>001*00,  Dll  DC  i  .->01  '+" 

DMG 2  -=  .0001*00,  DM  COL'1  =  .<“<0OF*OO,  DM  (>(,,’  •''■"'I  00 


TABLE  3. 1.2-2.  EXAMPLE  1,  METHOO  2,  RUN  1  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMF  TRY 

THICKNESS  OF  PLATE 
RADIUS  OF  MID  HOLE. 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  ; 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE 
FRACTION  OF  LOAD  TRANSFER  BY  MIO.  BOLT 
RADIUS  OF  THE  R  H.S.  HOLE  . 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES 
TRACTION  OF  I.OAD  TRANSFER  BY  R.H.S.  BOLT 
RADIUS  OF  THE  L.H.S,  HOLE 
DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT 

percentage:  or  countersink  depth  w.r.t  thickness 

STRESS  CONCENTRATION  DOE  TO  PIN  DEFLECTION 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  • 

FAYING  SURFACE  FRICTION  STRESS 


0. 1 0800 
0 . 1 25©0 
99.8999V 
9 . 82000 
8 . 1 8000 
0 . 00000 
0 . 1  O'"' 00 

1 .A 4000 

0 . 0AA<)O  , 
0 . 00000 
0.00000 
0.00000, 
20.0 
1  .00 
0.0000 
0.0000 


0 . ooooo 


0 . ooooo 


0 . OOOOO 


STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  : 
TOTAL  NO.  Or  CYCLES  IN  ONE  BLOCK 
TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK 
NO.  OF  BLOCKS  I  N  ONE  DESIGN  L  IT  FT. IMF  . 

NO,  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME 
MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM 
NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK 


1  00 

2000 . 000 
1 20 . A AO 

25 , a ao 
AOOO . 000 
1  7 . 0  a  0 


STRESS  LAYERS  IN  ONE 
STEP  SIGMA-MAX 
1  17. 000 


BE OCK  : 
SIGMA- MIN 
1 . 700 


CYC, I  T"  S 

iooo. 


STEP  SIGMA  MAX 
2  1  7  .  <)AA 


SIGMA  MEN  O'  i  I  S 

1  .  700  10O,i  ,>i. 
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TABLE  3. 1.2-2.  EXAMPLE  1.  METHOD  2,  RUN  1  OUTPUT  FILE  (CON'T.) 


**««»«« 

DAM 

AGE  G 

ROUT 

H  HIS 

1  0  R  Y 

«#»*<*»  y 

PLOCK 

Cl 

C2 

K MAX  Cl 

KMAV-C2 

DC1 /DC 

DC2/PF 

TNITIA1 

INtT I A? 

A 1 

A  2 

KMAX  A 1 

KMA* -A2 

DAI /DF 

DA2/0r 

KM1 

KM  ' 

0.0 

0.05000 

0.00000 

9.054 

0  .  <>00 

.ooor+oo 

. ooor  *  00 

'"'*21  02 

•37f  *  ’. 1 

0.05000 

0.00000 

1 1 . 348 

0 .  OOO 

.  0001  ,  AO 

. ooor 400 

.  .'641  *01 

'501  *01 

»  .0 

0.05 A 30 

0 . 00000 

9.860 

0.000 

.525E-04 

.  •  *oor  4  00 

,  .'691,  0? 

'  60F  02 

0.06240 

0.00000 

1 1 . 820 

0 .  OOO 

. 1O3E-03 

. .  ,001  +00 

. 266E401 

.  ,50E*01 

?.o 

0.06449 

0 . 00000 

10.5  ,’9 

0 .  OOO 

. AK7E- 04 

0001  *  00 

.  13 1 r -  0 1 

.  9,331  02 

0.07650 

0.00000 

1 2 . 290 

0  .  OOO 

.1 1  HE— 0 3 

.  >001 400 

.  260001 

.2501401 

3.0 

0.07460 

0 . 00000 

1 1 .249 

0.000 

.85 or -04 

,  ,  .001  *  00 

. 1 88L  01 

.1311  01 

0.09260 

0.00000 

12.751 

0 .  •  >00 

. 1 34E- 03 

0001  400 

. 2 70E. *  0 1 

. 2501  *01 

4.0 

0.08709 

0 . 00000 

1 1 . 902 

0.000 

.10  :r  -  03 

. 0oor *oo 

2  4  fi  c  01 

.1681  01 

0.1 1082 

0.00000 

13.19? 

0  .  OOO 

. 151F-03 

, ooor 4  00 

.2740  01 

. 2501 401 

5.0 

0. 1 0203 

0 . 00000 

12.570 

0.000 

. 1 24E-03 

. ooor  400 

. 31 3f  01 

. 2051  01 

0.13103 

0.00000 

13.606 

0 .  OOO 

. 1 63E-03 

.  0001  4<)0 

.2780  01 

.2501.401 

6 .  0 

0.11 997 

0 . 00000 

13.282 

0.000 

. 1 49E-03 

. 0001 400 

.  3H4F  01 

, 2431-  01 

0.15333 

0.00000 

13.987 

0.000 

. 186E-03 

.,,00(  4  00 

.  7020  01 

.  950r  *01 

7.0 

0. 1  >949 

0.00000 

1 3, 429 

0.  OOO 

.  1  631  -03 

.ooor *00 

.  4  480  01 

.2801  Oi 

0.1 7540 

0.00000 

1 3 . 725 

0 . 000 

. 1 84E-03 

.0001.4  00 

.876E+01 

.2501-401 

ST  ABLE 

BREAK-THROUGH  OF 

CRACK  NO. 

1  OCCURS 

AT 

CYC  =  135.0 

,  STEF' 

=  2 

81...  OCX  = 

8,  CRACK  DEPTH  = 

0 . 1  8805 

CRACK 

OFF'TH  IS 

SET  EQUAL 

TO  ELATE 

THICKNESS  <'.1880 

inches: 

8.0 

0 . 1 6290 

0.00000 

14.51  1 

0 .  OOO 

. 1 95E-03 

.  OOO!:-  ♦  00 

,51  ME -01 

.3171  01 

0.18800 

0 . 00000 

0.000 

0 .  OOO 

. 1 05E-03 

- ooor  +00 

,  28 20  0  i 

. 2501 401 

9.0 

0.19041 

0.00000 

14.852 

0 . 000 

. 229E-03 

.OOOEfOO 

,  5?  7E--01 

. 355F  01 

0. 18800 

0.00000 

0.000 

0 .  OOO 

.OOOE'OO 

. ooor  * 00 

. 888E+01 

, 2501  *01 

10.0 

0.22022 

0.00000 

15.227 

0 .  OOO 

.240E  03 

.  ooor.  #oo 

.686E-01 

.3921  01 

0. 18800 

0.00000 

0 . 000 

0 .  OOO 

.ooor-4  00 

.00014  00 

.  295001 

.  25 OF  *  01 

11.0 

0.25265 

0 . 00000 

15.637 

0 . 000 

. 270E-03 

.0001*00 

.  78700 1 

.  4  9  91'  01 

0.18800 

0.00000 

0 . 000 

0.000 

. 00 or  400 

.0001:  *00 

..309001 

.  ."'-01  *  0  1 

1  2 . 0 

0 . 28822 

0 . 08000 

1  A .  OftR 

0 . 000 

.2961  0  5 

.0001.  *  00 

.90.3001 

.  4 .'*71'  OI 

0. 18800 

0 . 00000 

0 . 000 

0 . 000 

0001  *00 

oonj  » 00 

.  30'T  401 

"■■"'1  *01 

1  3 . 0 

0.32744 

0 . 00O00 

16.584 

0 .  OOO 

.3271  03 

.0001  *00 

.  1  0  4000 

. "  «'**r  01 

0.18800 

0 . 00000 

0  .  O0O 

0 . 000 

.0001  *00 

.AO  01  *aa 

.3  ,T  4  0  i 

r  *.., 

14.0 

0 . 3  7097 

0.00000 

1 7. 1 30 

0 .  OOO 

.363* -03 

.  ooor ♦ 00 

.  1  1  9000 

.'•4  11.  01 

BSP*! 


1  Sj7  V 


».’  r*  >*  ».'  r  *7  »■  «■■  '• '.'  ■:■  ».■  w 


TABLE  3. 1.2-2.  EXAMPLE  1.  METHOD  2,  RUN  1  OUTPUT  FILE  (CONCLUDED) 


0.18000 

0 . 00000 

0 .  ooo 

0 . 000 

. OOOE+OO 

OOOE+OO 

.  326E+01 

.250E+01 

15.0 

0.41962 

0.00000 

17.7 53 

0.000 

. 405E  03 

OOOE+OO 

.  1  3  FE +  00 

.  579F--A  1 

0.18800 

0.00000 

0.0-0 

0 . 000 

.OOOE+OO 

OOOE+OO 

.335E+01 

.  2 5 OF  <  o  t 

1  6.0 

0.47447 

0.00000 

18.4  .-<> 

0 . 000 

. 457E-03 

OOOE+OO 

.  158E+00 

. 616E  01 

0 . 1 8800 

0 . 00000 

0.0-0 

0.000 

. OOOE+OO 

oo or +oo 

.  34.5C+01 

.  25  or:  +o  i 

17.0 

0.53670 

0.00000 

19.143 

0.000 

•519E- 03 

OOOE+OO 

.  1  8”'.  E+00 

.  5i;  o  i 

0.10800 

0.00000 

0.000 

0.000 

.OOOE+OO  , 

OOOE+OO 

.  35/-E+0 1 

.  or +oi 

10.0 

0.60812 

0.00000 

1 9.976 

0 . 000 

.595E  03  . 

OOOE+OO 

.2 12 E+00 

.  691  E  Al 

0 . 1 8800 

0.00000 

0.000 

0.000 

. OOOE+OO 

OOOE+OO 

. 36E+01 

. 250E +01 

19.0 

0.69090 

0.00000 

20.920 

0.000 

.690E-03 

OOOE+OO 

. 249E+00 

. y 2 he- 01 

0. 18800 

0.00000 

0 . 000 

0.  AOO 

. OOOE+OO 

00 OF  +  00 

. 3 82 E+01 

.  2 5 OF  +0  i 

20.0 

0.70810 

0 . 00000 

22 . 009 

0 .  ooo 

.81 0E-O3 

OOOE+OO 

. 2V4E+00 

. 765E  01 

0. 18800 

0 .  O000O 

0 . 000 

0.000 

.OOOE+OO 

OOOE+OO 

. 398E+01 

.  ?:  OF  +01 

21  .0 

0.90453 

0 . 00000 

23.313 

0.000 

. 970E-03 

oo  or:  i  oo 

. 350E+00 

.803E  01 

0. 1 8800 

0.00000 

0 . 000 

0.000 

•OOOE+OO 

ooor  +oo 

. 416E+01 

.250F+O1 

22.0 

1 .04848 

0.00000 

25 . 039. 

0 .  AOO 

. 1 20E- 02 

OOOE+OO 

. 4 2 4 E+00 

. 8 * or  oi 

0.18800 

0.00000 

O.'-OO 

0.000 

.OOOE+OO 

00 OE +00 

. 436C+01 

.  25  Of.  +  0 1 

CRACK 

NO.  1  HAS 

REACHED 

THE  SPECIFIED  LENGTH  1.3900 

INCHES 

AT  . 

C' 

X  »  625.0 

STEP 

-  1  . 

It  LOCK  = 

24.  CKMAXS 

~  63.24, 

Cl  a  1.39096 

TERM I MATE  DAMAGE  COMPUTATION 

23.0 

1 .24675 

0 . 00000 

29.167 

0.000 

. 165E  02 

OOOE+OO 

,  5  2  f>  E+00 

.  8  7  7f  01 

0.18000 

0 . 00000 

0 . 000 

o .  ooo 

.  oo  or:  i  oo 

OOOE+OO 

4&4F: 

.  2V  -it  *  o  1 

CRACK  LENGTHS  AT  THE 

TERM  I  NAT 

i ON  OF  CRACK  INITIATION  COMPUTATION 

Cl  = 

1  . 39096 , 

A 1  =  0, 

1 8800 , 

C2  »  0.000'’ 

0 ,  A  2 

-  0.00  too 

RETARD! T  ON 

PARAMETER 

S  AT  THE 

TERMINATION  OF  '  RAC l 

GROWTH 

COMPUTATION 

Af'ACIL  1  = 

. 0O0E  *  00 . 

APC0I.1  - 

, OOOE+OO 

,  RYAfli.  1 

.OOOE+OO 

.  RYC0L1  * 

, A oof  *  OO 

A  K  01.1  - 

.  0001  1 00 , 

CKO LI  = 

aaae+OO  ,  A 01.  1  -- 

. OOOE+OO 

I'll!  1  - 

1  1  .'!«  1 

AF'AIH  2  = 

.00 Of +0O, 

APC0I..2 

•-.'OF +00.  RYA8I.2  = 

.  O-'lAf:  t  00 

.  RYE  HI  . 

,  A.-..I  M'V 

AK0L7  = 

. AOOE +00 . 

CK01..2 

OfiriC  ♦  00 

,  AlU  2  - 

. OOOE+OO 

,  cm  2  ••• 

,l  •  .».* 

Rf TARDAT TOM 

PARAHi:  IT  PS  A 1  THE 

m-MJNATION  OF  CRA! 

l<  1  N 1  I  I  A 

nnfj  miMi  in 

Ai  ; iM 

DMG 1  = 

.  525F'  *0A , 

Ofll.ni  1  •• 

.  Ar./ir  ♦  0(»  , 

Of  1  1  . 

OO  or  in-) 

DUG?  = 

.  97  71  01  , 

Dili, H|  2 

.  r  « oo , 

DEI  !-i,2 

<><V'i::+o-'i 

•  i 


TABLE  3. 1.2-3.  EXAMPLE  1,  METHOD  2,  RUN  2  INPUT  FILE 


EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMLITUDE  LOADING  SPECTRUM 


I 

2024  T 3  SHEET 
.  2.2374E-09 

0.70 

3.3386  4.2126E-9 

0.00 

2.9783 

k 

116.00 

36.0 

53.0  2.0 

2.3 

0.99 

-0.99 

H 

10.426 

366 

0.892  10700.0 

0.022 

1  .000 

1  .0 

1  .0 

Jj 

0.000  0 

000 

0.000  0.000 

.0000 

0.000 

0.000 

0.000 

0 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOF+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 


0 . OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE  +  OOO .  OOOOE+OO 


0.52500000. 

,  OOOOE+OOO. 

.QQOOE+OOO 

.8770E-010, 

.  OOOOE  +  OOO . OOOOE+OO 

0.188 

0.1250 

8.18 

9.82 

0.00000  .00000 

99.900  50.  1.00 

0.0000 

0 . 1 250 

0.00 

1.64 

0.00000  .00000 

0.00000  .00000 

0.000 

0.0000 

0  00 

0  2 

0  100 

0000  1040 

0.000 

0.000 

0.000 

0.000 

0.000  0.000 

0.000  0.000 

120.0 

25.0 

6000. 

1 

TABLE  3. 1.2-4.  EXAMPLE  1,  METHOD  2,  RUN  2  OUTPUT  FILE 


*****  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  ***** 

EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 
*  TUTS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  *• 


NO.  OF  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH 
CRACK  GROWTH 


0, 

0; 


CRACK  INITIATION  =  2 

CRACK  INITIATION  1040 


I.OAD  INTERACTION 


NONE 


' 1 . 224E- 
0 .62  IE¬ 
's  2.000 

;\300 
HIT  *  - 


MATERIAL  2024  T3  SHEET 

WALKER  I Q .  CONST.  <+R>  C  * 

UAI  KER  EQ.  COhl.VT.  (-R)  C  •- 

MAX.  I<  FOR  DC/DN  THRESHOLD 
RETARDATION  SHUTOFF  RATIO  * 

+R  CUT-OFF  «  0.9900,  R  CUT 
YIELD  STRENGTH  13.000 
ELASTIC  MODULUS  =•  O.IAYOE  +  OS 
PI..  STRESS  ERACT.  TOUGHNESS  *  11  6.  00 

PL.  STRAIN  TRACT.  IOUGHNESS  *  36.00 
DAMAGE  INDEX  COR  CRACK  INITIATION 
NEUBER  MATERIAL  CONST .  *  0,022 
CRACK  INITIATION  TO.  CONST.  SE 
STRESS  SEVERITY  FACTOR  PARAMETERS 
ALPHA  =  1.0000.  BETA  =  1.0000, 


00, 

OB, 


=0.700,  N 
0.000.  N 


\.TYJ 


0.9? aq 


0.092 


10. 42* 


.  366 


GAMMA 


1 . 0000 


SPECIFIED  DAMAGE  CONDITIONS 


INITIAL  CRACK  LENGTH 

OF  CRACK  NO.  1  : 

o  .  O0OO0 

FINAL  CRACK 

LENGTH  OF 

CRACK  NO.  1  : 

0 . 00000 

INITIAL  CRACK  DEPTH  HP  CRACK  NO.  1 

o  .ooooo 

FINAL  CRACK 

DEPTH  OF 

CRACK  NO.  1 

0 . OA000 

INITIAL  CRACK  LENl.  I  II 

OF  CRACK  NO.  2 

0 . OOAOO 

F 1 NAL  CRACK 

LENGTH  OF 

CRACK  NO.  2 

0 ;  ooo/to 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  : 

o . 000 OO 

r 1 NAL  CRACK 

DEPTH  OF 

CRACK  NO.  2 

()  .  OOO+.  V 

PARAMETERS 

FROM  PREVIOUS  CRACK  GROWTH  HI 

S'1  UR  Y 

APA0L1  « 

.  A. '101.  , 

AF’i'OL  *  .  OOOE+OO, 

RVAOL 1  ■■ 

•>001  ♦  oo . 

RYCUL1  ~ 

■VW.I 

« • .  o 

A  KOI  1  = 

.  no (.f  }  .">0  , 

Cl  ill  1  .  0001  +00. 

AU|  1 

iVW.|  ♦  a  a 

(Cl  1  - 

APA0I.2  ~ 

,  OOOE  *  r»0  , 

APC0L7  •■=  .  OOOF.+OO , 

RYAOI.  2  - 

ooor  « t-o . 

RYCOI  2 

I  AO 

AK  01  2  - 

, oo or  * oo . 

CK  0|.  2  =•:  .0001+00, 

AOI  ’ 

0OO|  !  A  A  , 

(01  2 

.  AO.’  ; 

•  r'i 

F ARAME 1 FRS 

FROM  PREVIOUS  CRACK  INITIATION  H 1 S ! OR . 

DMG 1  - 

. r;  ,,r,f  +00. 

HMOHI  1  :r. 

DT  1  DG  1 

•  *(.  . 

ivic,:>  - 

.«;•/!  ai. 

DUG ni  *  "Anf  *00. 

Dl  1  DG  ' 

.  .a  nr  i . . 

57 


'v\  *.  V  N 


»  7T  .H  WV  *  5 


y .  r;' 


-  V.’V’ji 


V  *1  V*  *v- 


TABLE  3. 1.2-4.  EXAMPLE  1,  METHOD  2,  RUN  2  OUTPUT  FILE  (CON'T.) 


COMFUNFNT  GEOMETRY 

THICKNESS  OF  fl  ATI 
RADIUS  OF  MID.  um.E 

RATIO  OF  FLATF  I  I  NOTH  TO  HOI  E  DIAMFTFR,  L/D 
DISTANCE  BFFUFFN  Min.  HOI,  F  AMD  R.H.S.  FDGF 
DISTANCE  BETWEF  N  MID.  HOI  F"  AND  L  H.  S'.  FDGF 
FRACTION  OF  LOAD  TRANSF  E  F  BY  MID.  HOI  T 
RADIUS  OF  IMF:  R.H.S.  HOLT 
DISTANCE  BF IMF  I  N  MID.  AND  R.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFFR  BY  R.H.S.  BOLT 
RADIUS  OF  1HF  I  .  H.S.  HOI  F 
DISTANCF  BETWEEN  MID.  AND  L.II.S.  HOLFS 
FRACTION  OF  LOAD  FTVANSriR  BY  l.  .H.S.  Bill  I 
PERCENTAGE  OF  COUNTF RS INK  DEPTH  IJ.R.T  THICKNESS 
STRESS  CONCFNTRAl ION  DOF  TO  FIN  DFFl FCTTON 
FASTEN! R  HEAD  OR  COLLAR  FRICTION  STRFSS 
FAYING  SURFACE  FRICTION  STRFSS 

STRFSS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS 

TOTAL  NO.  OF  CYCI  FS  IN  ONE  BLOCK 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK 

NO.  01  BLOCKS  IN  ONE  PF  SIGN  I  II  ETTME 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME 

MAXIMUM  FFAK  STRESS  OF  THE  SPECTRUM 

NO.  OF  STRFSS  LAYERS  IN  ONE  BLOCK 


0 . 1  8fK>o 

0  .  I  2  MO  a 


9?  .  0  ’>  V V 

9 .  FCOAO 

n .  i  mo ao 

0  .  ago.  , 

0 . 00000 

0 . 1  2V  o 

1  .  MO'  n 

<).OO0Ar>, 

0.00000 

0  .  <100  o  0 

0  .O'RB'O 

0 . 000 o<) , 

0 . 00000 

20 . 0 
1  . 00 
0.  <>AOO 
(>  .  OA.V\ 


2000  a ao 
1 20 . Oaq 
;>b  ,  r  on 
6000  .  '.(Hi 

I  ?  ago 


TABLE  3. 1.2-4.  EXAMPLE  1,  METHOD  2,  RUN  2  OUTPUT  FILE  (CONCLUDED) 


S T R P  S y  I  AVI  I-  V  TN  ONE  EM  fll'K 

.'■'II  R  S  IGMA  -MAX  MIN  CYCLES  STEP  SIGMA  MAX  SJGMA-MIN  CYCLES 

1  17.000  1.700  1000. 000  2  17.00©  1  .  7*.  >0  1000  op© 


**»*#*# 

DAM 

a  <:;  r 

R  0  U  T 

H  H  I  S 

I  D  R 

Y 

*  »  »  V  *  K  ft 

BLOCK 

r  1 

C  2 

K MAX -Cl 

KMAX -C2 

pci /nr 

PC  2 

/PF 

IN ITTA1 

INI  IT  AO 

A1 

A  2 

KMAX  A1 

KMAX  -A2 

DAI  /I>l 

DA.' 

/OF 

K  N 1 

V  N  7 

0.0 

0 . 00000 

0 . OOOOO 

0 . 000 

0 . 000 

.OOOE'OO 

,  0001'  1  00 

.7.0 Of  -too 

1  A;-r  to© 

0 . 00000 

0.00000 

0 . 000 

0 . 000 

.00 or  t  oo 

.  0001 

s  00 

.  -1'MF-toi 

.4071  *01 

1  .  0 

0 . 00000 

0 .  OOOOO 

0 . 000 

0 . 000 

.OOOP-tOO 

.  0001 

<  00 

. 752E *  00 

'141  tOO 

0 . 00000 

0.00000 

0.000 

0 . 000 

.  OOOE  t  00 

.  0001:.  t  00 

. 492E '01 

. 19  2C  *01 

CRACK  INTTIAI TON  FOR  LOCATION  1 

I.H'CHRS 

AT 

CYC  #=1000.000,  STEF 

1 , 

PL 01.  K 

-  .5 

2 .0  0,O©©oo  (i ,  0  0  0  0  0 

0 . 000 

0 . 000 

. OOOE<O0 

ooni  ■  00 

.  0271  too 

.  46* 

r  <  00 

0 . OOOOO  0,00000 

0 . 000 

0 . 000 

.0001:  <00 

,v)oi:  • *  0 

,4V  .'EM  01 

,  IV- 

..  *01 

CRACK  LENGTHS  AT  THE 

TERM THAT I AN  OF 

CRACK  IN  I  T  TAT  KIN  ROMPUTAT  1  ON 

Cl  ~  0.00000, 

A 1  =  0. 

0n.»O<>, 

c;»  =s  o.oo a- 

",  A  2 

■  0.00 000 

kt TARP1 ION  PARAMETERS 

A I  Tl  IF 

Tl  RMTNiVI ION  Of  CRACK 

GROWTH 

COMPUTATION 

AF'AOI.  1  -  .  OOOE  t-Oo , 

ARC  01.  1  : 

.ooon* 

00,  RYAOI  1  = 

OOOip  t  0' 

,  RYcrii.i 

.  OO* '■ 

■  00 

AK011  ■-  .OOOE  too. 

i  KOI.  1  => 

,  no  or  *  '■'•o .  Aoi  1  ~ 

.  (•"■or  •  o< 

n.n  1  - 

.  on. . 

* 

ARAI'U  .0©o|.t00, 

ARC  01 

,  MO  OF  < 

mo,  RYAOI. .2  = 

.  0,  .nr  1  or 

.  RYcm  7  - 

on. 

*  no 

ai<  ni  .  ,  0001  1 00 . 

1  rot  : 

.'■oor-t 

.1(1  ,  AH'  .’  - 

. oo©r t  o( 

.  cm  7  - 

.  t'Vw' 

1  OO 

Rf  TARDA  1  I  ON  pai  ami::  iff 

S  AT  nil 

|l  RMlf 

iVITON  Ml  1  R,\l 

!>'  INI  I  IV 

I  TON  1 . 1 IMRI 1  * 

Ml 

J 

pug  1  -•  .  07  -T.  t  . 

PMGOI.  1 

.  r.  ,01: 1  C 

O.  HIM,  1  * 

OpO|  too 

PNC, 2  -  .  44.--I ■:<  00. 

DM  GUI  ’  = 

.  >1  ;  •> 

■1  ,  I'll  H,7 

OOOf' t  00 

TABLE  3. 1.2-5.  EXAMPLE  1,  METHOD  2,  RUN  3  INPUT  FILE 


EXAMPtE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AHLITUDE  LOADING  SPECTRUM 
2024-T3  SHEET 

2.2374E-09  0.70  3.3386  6.2126E-9  0.00  2.9783 

116.00  36.0  53.0  2.0  2.3  0.99  -0.99 

10.426  -.366  0.092  10700.0  0.022  1.000  1.0  1.0 

0.050  0.180  0.050  0.188  .0000  0.000  0.000  0.000 

o . OOOOL • 000 . OOOOfe  +000 . OOOOE  +  OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE  +00 
0 . OOOOE+OOO . OOOOE+OOO . OOOOE  +000 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO .OOOOE+OOO . OOOOE+OO 
0 . 46601 +000 . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 


0.188 

0.1250 

8.18 

9.82 

0.00000 

.00000 

99.900  50, 

.  1  .00 

>.0000 

0.1250 

0.00 

1  .64 

0.00000 

. 00000 

0.00000 

.00000 

> .  000 

0.0000 

\  00 

1  1 

0  100 

1030  1050 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000. 

1 

TABLE  3. 1.2-6.  EXAMPLE  1,  METHOD  2,  RUN  3  OUTPUT  FILE 


*****  DEI  AILED  DAMAGE  GROWTH  ANALYSTS  PROGRAM  D  A  M  G  R  0  ***** 

EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 
*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 

NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH  =  1 f  CRACK  INITIATION  -  1 

CORRESPONDING  DAMAGE  CODES  CRACK  GROWTH  =  1030;  CRACK  INITIATION  =  1050 

LOAD  INTERACTION  :  NONE 

MATERIAL  :  2024-T3  SHEET 

WALKER  EG.  CONST.  <+R>  :  C  =  0.224E-08,  M  =0.700,  N 

WALKER  EG-  CONST.  <-R>  :  C  =  0.A21E-08,  M  =0.000,  N 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 
RETARDATION  SHUT-OFF  RATIO  =  2.300 
♦R  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 
YIELD  STRENGTH  :  53.000 

ELASTIC  MODULUS  =  0.1070E+05 
PL.  STRESS  FRACT.  TOUGHNESS  =  11  A. 00 

PL.  STRAIN  FRACT.  TOUGHNESS  *  36.00 
DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.092 

NEUDER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EG,  CONST.  :  SE  =  10.426,  M  =-.366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  =  1.0000.  GAMMA  1.0000 

SPECIFIED  DAMAGE  CONDITIONS 

INITIAL  CRACK  1 E NGTH  OF  CRACK  NO.  1  0.05000 

FINAL  CRACK  LENG1H  OF  CRACK  NO.  1  :  0.10000 

INITIAL.  CRACK  DEPTH  OF  CRACK  MO.  1  0.05000 

I  INAL  CRACK  DEPTH  OF  CRACK  NO.  1  «. 10000 

INITIAL  rRA»’K  LENGTH  Of  CRACK  NO.  2  0.00000 

FINAL  CRACK  LENGTH  OF  C RACK  NO.  2  0.06660 

I  NT  IT  Al.  CRACK  UT  PTH  OP  CRACK  NO.  2  O.OOooO 

PINAL  CRACK  DEPTH  OF  CRACK  NO  2  0.00000 

PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY 

APAOLl  *  .  00 OF  t  OO ,  APCOI.  I  .-'OOF*  60,  E  VAOLi  ~  .©OOF  *00 

AKOI  1  -=  .0001+00,  CK  01  1  =  ,  OOOE+OO ,  AO  I  1  •-  .OOAE+66 

APAOL  2  =  .OOOE+OO,  A  PC  01  2  =  .OOOE+OO,  RYAOI  2  =  .OOOEf'O 

AKOI  2  =  .0001*60,  CK  III  2  -  .OOOE+OO,  AIM  2  .  <16  OF  ♦  00 

PAP  AMI  TEE’S  FROM  PREVIOUS  CRACK  I  Ml  I  T  AT  I  ON  HISTORY 

DMI,  I  -  ,  46/1  +06 ,  I'HGIII  i  6001  <  60  .  DEL  DG  1  -  .0001+06 
0(11,2  a  .OOOE+06,  061,01.2  =  ■•6<)l..i  01  |  i 'i,2  OOOlsO.i 


pycoLi  ■-  .  oooe  + 
col  i  ■■■  .00 or  i 

RYl  III.  2  =  6.(61 .  • 

ini.2  -  .  "OOf  i 


=3 . 339 
-2 .978 


TABLE  3. 1.2-6.  EXAMPLE  1,  METHOD  2.  RUN  3  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  Or  PLATE 
RAMUS'  OF  HID.  HOLE 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  • 
DISTANCE  BETWEEN  MID.  HOLE  AMD  R.H.S.  EDGE 
DISTANCE  BETWEEN  MID.  HOLE  AND  I  H.S.  EDGE 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT 
RADIUS  OF  THE  R.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AMD  R.H.S.  HOLES  ■ 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT 
RADIUS  OF  THE  L.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  I  .'IS.  BOLT 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  TRICTION  STRESS 


0.  1  0  o 0 
o .  i  :'•  '••• 

99 . 0<.'N99 
0 . 1 0000 
9  02000 
o , 00 000 , 

0 . 000 AO 
0 . 00000 
0 . 00000 , 
o . i rsoo 

I .64000 

0 . ooooo , 
20 , 0 
1  .00 
0.0000 
0.0000 


0 . 00000 

0.00000 

0 . 00000 


STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  :  2000.000 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  :  120.000 

NO.  OF  BLOCKS  IN  (INF  DESIGN  LIFETIME  2V-.AOO 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  6000.000 

MAYTMUM  PEAK  STRESS  OF  THE  SPEC TRIJM  17.000 

NO.  Of  STRESS  LAYERS  IN  ONE  BLOCK  2 


TABLE  3.1. 2-6.  EXAMPLE  1.  METHOD  2,  RUN  3  OUTPUT  FILE  (CONCLUDED) 


STRESS  LAYERS'  IN  ONE  BLOCK  : 

STEP  SIGMA-MAX  SIGMA  MIN  CYCLES  STEP  SIGMA  MAX  SIGMA-MIN  CYCLES 

1  17.000  1.700  1000.000  2  17,000  1.700  1000.000 


a##**#*  DAMAGE  GROWTH  HISTORY  *»*#**« 

BLOCK  Cl  C2  KMAX-C1  KMAX-C2  DC1/DF  DCIVPF  INITTA1  TNITIA1 

A1  A2  KMAX-A1  KMAX-A2  DAI /DF  DA2/DF  KN1  KN2 

0.0  0.05000  0.00000  19.898  000  .OOOE+OO  .OOOF+OO  .54*1=  *00  .OOOE+O# 

0.05000  0.00000  ,‘4.9.19  0.000  .OOOE+OO  .  OOOE  •  00  .497E  *-01  .OOOE+OO 

STABLE  BREAK- THROUGH  OF  CRACK  NO.  1  OCCURS  AT 

CYC-  157.0,  STEP  «  2,  BLOCK  =  1,  CRACK  DEPTH  *  0.18954 

CRACK  DEPTH  IS  SET  EQUAL  TO  PLATE  THICKNESS  0.1880  INCHES 

1.0  0.33032  0.00000  34.70*  0.000  .234E-02  .OOOE+OO  . 744E+00  .OOOE+OO 

0.18000  0.00000  a. 000  0.000  . 1 1 5E-02  .0(V'L+00  .526E+01  . OOOE+OO 


CRACK  INITIATION  FOR  LOCATION  1  OCCURS  AT  : 

CYC.  =1000.000,  STEP  *  1  ,  BLOCK  =  3 

2.0  0.96141  0.00000  39.187  0.000  .526E-02  -OOOE  +  OO  .B90E+O0  . OOOE  +04 

0.18800  0.00000  0.000  0.000  .0001+00  .OOOE+OO  .5P7E  +  01  .0001.  *00 

CRA*  K  LENGTHS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 

Cl  -■  1.36451,  A 1  *  0.18800,  C2  «  0.00000,  A2  -  0.00000 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

APA0L1  =  .OOOE+OO,  APCOL 1  -  .O0OE+OO,  RYA0I.1  «-  .OOOE+OO,  RYC0L1  -  .OOOE  +  OO 

AK0L1  *  .OOOE+OO,  CK0L1  -  .OOOE+OO,  A0I..1  .OOOE+OO,  C0L1  =  .OOOE *00 

APA0I.2  =  .OOOE  +  OO.  APCOL 2  «  .O^OE+OO,  RYACU..2  .OOOE+OO  RYC0L2  *  .©Oor  *0* 

AK0L2  =  -OOOE+OO,  CK0L.2  -  .0"0E+00,  A0L2  .OOOE+OO,  CO!  2  =  .0001*00 

RETARDATION  PARAME TERS  A1  THE  TERMINATION  OF  CR.,CK  IHIT1AT ION  CUMPUTAT I  on 
0MG1  -  . 890E+OO ,  DMG0L1  -.OOf'l  +OO,  DEL  0G1  .000*  *00 

DMG2  =  .OOOE+OO,  DMG0L.2  •  .  poor* 00,  DEI  DG2  .  00+>i  +00 


TABLE  3. 1.2-7.  EXAMPLE  1,  METHOD  2,  RUN  4  INPUT  FILE 


EXAMPtE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AML  I TUDE  LOADING  SPECTRUM 
.'029- T3  SHtET 

2.23/At  09  0.70  3 . 3386  6.2126E-9  0.00  2.V783 

11/..  00  36.0  53.0  2.0  2.3  0.99  -0.99 

10.926  -.366  0.092  10700.0  0.022  1.000  1.0  1.0 

1.369  0.180  0.108  0.180  .0500  8.180  0.050  0.180 

0 . 00001  •  900 . OOOOE+OOO .  OOOOE +000 .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE+OO 
0 . 00001  +000 . OOOOE  1 000 . 00001  *000 . OOOOE+OOO . OOOOt  +  00u . OOOoE+OOO . OOOOE+OOO . OOOOE+OO 
0 . OOOOE 1 000 . OOOOE  +  OOO . OOOOt  + 000 . OOOOE+OOO . OOOOE • 000 . OOOOE  +  OO 


o.  uia 

0 . 1 250 

8.18 

9.82 

0. ©0000 

.00000 

99.900  50.  1.00 

i 

o.oooo 

0.1250 

0.00 

1  .64 

0.00000 

. ooooo 

0.00000  .00000 

o .  ooo 

0.0000 

0  00 

2  0 

0  100 

1050  0000 

0.000 

0 . 000 

0.000 

0.000 

0.000 

0.000 

0.000  0.000 

i  20 .  o 

25 . 0 

6000. 

1 

TABLE  3. 1.2-8.  EXAMPLE  1,  METHOD  2,  RUN  4  OUTPUT  FILE 


»»*««  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM 


D  A  M  G  R  0  •«*»* 


EXAMPLE  RUN  NO.  1  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING  SPECTRUM 


*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 


NO.  OF  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH  =  2; 

CRACK  GROWTH  =  1050; 


CRACK  INITIATION  = 
CRACK  INITIATION  = 


LOAD  INTERACTION  : 


NONE 


M  =0.700, 
M  =0.000, 


MATERIAL  :  2024-T3  SHEET 

WALKER  EG).  CONST.  <+R)  .  C  =  O.224E-O0, 

WALKER  EQ.  CONST.  <-R>  :  C  =  0.621E-O8, 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 

YIELD  STRENGTH  :  53.000 

ELASTIC  MODULUS  =  0.1070E+05 

PL.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 

DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.892 

NEURER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EG).  CONST.  .  SF  =  10.426,  M  =-.366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  =  1.0000,  GAMMA  =  1.0000 


N  =3.339 
N  =2.978 


SPECIFIED  DAMAGE  CONDITIONS  ; 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  : 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  : 

FINAL  CRACK  DEF’TH  OF  CRACK  NO .  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2  : 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  : 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  2  : 

PARAMETERS  FROM  PRFVIOUS  CRACK  GROWTH  HISTORY 
AF'AOL  1  =  .OOOE+OO,  APC0L1  =  .OOOE+OO.  RYA0L1 

AK0I..1  =  .  OOOE+OO ,  CK0L1  =  .OA0E+Q0,  AOl.1 

AF'AOL.2  =  .OOOE+OO,  AFC0L2  =  .OOOE  +  OO,  RYA0L2 

AK0L2  =  OOOE  +  OO,  CK0I...2  =  .OOOE  +  OO,  A01.2 

PARAMETERS  FROM  PREVIOUS  CRACK  INITIATION  HISTORY 

DMG1  =  .OOOE  +  OO,  DMG0L1  =  .00'-E+00,  DEI  DC  1  =.000r  +  0 

DMG2  -  .OOOr  +  OO,  DM1, 01  2  =.0001  +00,  DPI  !)(,.’  =.<>001+0 


1  .36400 
8 . 1  8000 
0 . 1  8800 
0 . 1  8800 
0.05000 
0.18000 
0 . 05000 
0.1  8800 


OOOE+OO , 
OOOE+OO, 
OOOE+OO, 
OOOE+OO, 


RYC0L1 
rni  i 
RYCCIL2 
COL  2 


.0001  +00 
.0001  *00 
.oooi  +oo 
.  OOOE+OO 


63 


} 


TABLE  3. 1.2-8.  EXAMPLE  1,  METHOD  2,  RUN  4  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY  : 

THICKNESS  OE  PLATE  : 

RADIUS  OF  MID.  HOLE 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MTD .  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 


0. 18800 
0 . 1 2500 
99.89779 
8.18000 
9.82000 
0.00000, 
0.00000 
0.00000 
0.00000, 
0.12500 

1 .64000 
0.00000, 
20.0 
1 .00 
0.0000 
0.0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  :  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  :  2000.000 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  .  120.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  :  25.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  :  6000.000 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  :  17.000 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  2 


TABLE  3. 1.2-8.  EXAMPLE  1,  METHOD  2,  RUN  4  OUTPUT  FILE  (CONCLUDED) 


STRESS  LAYERS  IN  ONE  BLOCK  : 

STEP  SIGMA-MAX  SIGMA-MIN  CYCLES 
1  17.000  1.700  1000.000 


STEP  SIGMA-MAX 
2  17.000 


SIGMA-MIN  CYCLES 
1.700  1000.000 


UNSTABLE  BREAK-THROUGH  OF  CRACK  NO.  2  OCCURS  AT  . 

CYC  =  0.0,  STEP  =  1,  BLOCK  =  1,  DEPTH  =  0.05000, 


AKMAXS*  37.79 


*«*««*« 

DAM 

AGE  G 

R  0  W  T 

H  HIS 

TORY 

««»«««* 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX-A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

0.0 

1 .36400 

0.05000 

41 .432 

30.154 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

•OOOE+OO 

0.18800 

0.05000 

0.000 

37.792 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

1  .0 

2.61890 

1  .23327 

56.095 

56.847 

. 1 05E-01 

. 986E-02 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.18800 

0.000 

0.000 

.OOOE+OO 

.115E-02 

.OOOE+OO 

.OOOE+OO 

UNSTABLE  GROWTH  OF  CRACK  NO.  1  OCCURS  AT. 

CYC  =  15.0,  STEP  *  2,  BLOCK  =  2,  CRACK  LENGTH  =  4.57208,  CKMAXS*1 1 6 . 06 

THE  OTHER  CRACK  LENGTH  =  3.18957 
TERMINATE  DAMAGE  COMPUTATION 


UNSTABLE  GROWTH  OF  CRACK  NO.  2  OCCURS  AT 

CYC  =  4.0,  STEP  =  2,  BLOCK  =  2,  CRACK  LENGTH  =  3.25368,  CKMAXS= 1 1 7 . 03 

THE  OTHER  CRACK  LENGTH  -  4.57208 
TERMINATE  DAMAGE  COMPUTATION 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION  : 

AF'AOL  1  =  .OOOE+OO,  APC0I.1  =  .  aoOE+OO,  RYA01.1  «  .OOOE+OO,  RYC0L1  =  .OOOE+OO 

AK0L1  =  .OOOE+OO,  CK0L1  =  .OOOE+OO,  AOI  1  =  .OOOE+OO.  C0L1  =  .0001. +00 

APA0L2  =  .OOOE+OO,  APC0L2  *  .ooOE+OO,  RYA0L2  =  .OOOE+OO,  RYC0L.2  -  .0001  +0<> 

AK0L2  =  .OOOE+OO,  CK0L2  =  .OOOE+OO,  A0L.2  *  .OOOE+OO,  C0L2  =  .0001+00 

RETARDATION  PARAMETERS  AT  THE  T F RM I NAT  ION  OF  CRACK  INITIATION  COMPUTATION  : 
DMG1  =  .OOOE+OO,  DMG0L1  = . OOOE+OO,  DELDG1  *. OOOE+OO 
DMG2  -  .OOOE+OO,  DMGOL.  2  =  .0‘>0E  +  00,  DFLDG2  =.  OOOL'+OO 


EXAMPLE  2:  SKIN  SECTION  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 


MATERIAL: 


2024-T3  SHEET 
LOADING  SPECTRUM: 

RANDOMIZEO  BLOCK  LOADING 
aroax  =  35.75  KSI 


REF.  PAGES  67  THROUGH  90 


I 

f 

f 

k 

k 

k 


66 


TABLE  3.2.1.  EXAMPLE  2,  METHOD  1  SUMMARY  TABLE 

REF.  PAGES  68  THROUGH  76 


INITIAL 
/  FLAW 

/ 


a  1 

a  2 

a  3 

LIFE  (BLOCK, 

ROUTINE 

(IN) 

(IN) 

(INI 

LAYER.  CYCLES) 

GROWTH 

.050 

0 

.005 

0 

K1010 

.065 

0 

.005 

1. 

0,  0 

K1010 

.091 

0 

.005 

2, 

0,  0 

K1010 

.126 

0 

.005 

3. 

0,  0 

K1010 

.164 

0 

.005 

4, 

0.  0 

K1010 

.208 

0 

.005 

5, 

0,  0 

K1010 

.258 

0 

.005 

6, 

0,  0 

K1010 

.316 

0 

.005 

7, 

0,  0 

K1010 

.384 

0 

.005 

8, 

0,  0 

K1010 

.466 

0 

.005 

9, 

0,  0 

K1010 

.566 

0 

.005 

10, 

0,  0 

K1010 

.693 

0 

.005 

11, 

0,  0 

K1010 

.859 

0 

.005 

12, 

0,  0 

K1010 

1.094 

0 

.005 

13, 

0,  0 

K1010 

1.39 

0 

.023 

13, 

119,32 

K1010 

0 

.622 

14, 

0  ,32 

K1030 

0 

2.16 

15, 

0  ,32 

K1030 

0 

3.6507 

15, 

98,38 

K1030 

NO.  OF  CYCLES  TO  FAILURE  =  111,955  CYCLES 


TABLE  3. 2. 1-1.  EXAMPLE  2,  METHOD  1,  RUN  1  INPUT  FILE 


txAMPLt  RIJN  NCI.  2  SFECIMLN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 
2024  T3  SHEET 

2.23,'4F~09  0.70  3.3386  6.2126E-9  0.00  2.9783 

116.00  36.0  53.0  2.0  2.3  0.99  -0.99 

10.426  -.366  0.887  10700.0  0.022  1.000  1.0  1.0 

0.050  1.390  0.050  0.188  .0000  0.000  0.000  0.000 

0 .  OOOOE  •  000 .  OOOOE+OGu .  OOOOE+OOO .  OOOOE  <  000 .  0000F+  000 .  OOOOE  *000 .  OOOOE+OOO .  OOOOE+OO 
0 . OOOOE *  000 . OOOOE  +  000 . OOOOE +000 . OOOOE+OOO . OOOOE +000 . OOOOE+OOO . 0000E  +  000 . OOOOE +00 
0 . OOOOE  +000 . OOOOE+OOO . OOOOE  +000 . OOOOE+OOO . OOOOE+OOO . OOOOE  +00 


0.188 

0.1250 

9.82  8.18 

0.00000 

.00000 

99.900  50, 

.  1.00 

> . 1 250 

0.0000 

1.64  0.00 

0.00000 

.00000 

0.00000 

,00000 

>.000 

0.0000 

i  00 

1  0 

1  100  1010  0000 

0.000 

0.000 

0.000  0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000.  1 

TABLE  3. 2. 1-2.  EXAMPLE  2,  METHOD  1,  RUN  1  OUTPUT  FILE 


*****  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  ***** 

EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 

*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 

NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH  =  1;  CRACK  INITIATION  =  0 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  =  1010i  CRACK  INITIATION  =  0 

LOAD  INTERACTION  :  GENERALIZED  WILLENBORG  ET  AL— CHANG  MODEL 

MATERIAL  2024-T3  SHEET 

WALKER  EQ.  CONST.  <+R>  :  C  =  0.224E-08,  M  =0.700,  N  =3.339 

WALKER  EQ .  CONST.  C-R)  C  =  0.621E-08,  M  =0.000,  N  =2.978 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT-OFF  ■  0.9900,  -R  CUT-OFF  =  -0.9900 

YIELD  STRENGTH  :  53.000 

ELASTIC  MODULUS  =  0.1070E+05 

PL.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 

DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.807 

NEUBER  MATERIAL  CONST.  =0.022 

CRACK  INITIATION  EQ.  CONST.  SF  =  10.426,  M  =-.366 
STRESS  SEVERITY  FACTOR  PARAMETERS  : 

ALPHA  =  1.0000,  BETA  =  1.0000,  GAMMA  =  1.0000 

SPECIFIED  DAMAGE  CONDI  HONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1  0.05000 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  .  1.39000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  :  0.05000 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  :  0.18800 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2  :  0.00000 

FINAL  CRACK  LENGTH  OF  CRACK  NO,  2  :  0.00000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  :  O.OOoOO 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  2  :  0.00000 

PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY  : 

APA0L1  =  .OOOE+OO,  APC0L1  =  .OOOE+OO,  RYA0L1  =  .OOOE+OO,  RYC01.1  =  .OOOE+OO 

AK0I..1  =  .  OOOE+OO ,  CK0L1  =  .OOOE+OO,  AIJL1  =  .OOOE+OO,  C0L1  =  .OOOE  +  OO 

APA0L2  =  .OOOE+OO,  APC0I..2  =  .OOOE+OO,  RYAOI  2  =  .OOOE+OO,  RYC0L2  =  .OOOE+OO 

A  KOI.  2  =  .OOOE+OO,  CK0L2  =  .OOOE+OO,  A0I..2  =  .OOOE  +  OO,  C0L2  =  .OOOLiOO 

PARAMETERS  FROM  PREVIOUS  CRACK  INITIATION  HISTORY 

DMG1  =  .OOOE+OO,  DMGUL1  =. OOOE+OO,  DEL  DG 1  «. OOOE+OO 
DMG2  =  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG2  ». OOOE+OO 


TABLE  3. 2. 1-2.  EXAMPLE  2,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY  : 

THICKNESS  OF  PLATE  . 

RADIUS  OP  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 

.  FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OF  THE  R.H.S.  HOLE  . 

DISTANCE  BETWEEN  MID,  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 


0.18600 
0 . 1 2500 
99.89999 
9 . 82000 
8.18000 
0.00000, 
0.12500 
1 .64000 
0.00000, 
0.00000 
0.00000 
0.00000, 
50.0 
1  .00 
0.0000 
0 . 0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  :  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  :  7416.500 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  :  120.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  :  25.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  :  6000.000 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  :  35.750 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  204 


vvv 


4’  *  J'4  , 


■  >1  <1 


TABLE  3. 2. 1-2.  EXAMPLE  2,  METHOD  1.  RUN  1  OUTPUT  FILE  (CON'T.) 


STRESS'  LAYERS  IN  ONE  BLOCK  : 

STEF'  SIGMA-MAX  SIGMA-MIN  CYCLES 
1  33.609  -23.523  1.000 

3  16.447  -2.462  1.000 

5  35.750  -3.579  1.000 

7  27.808  -1 . 396  1.000 

9  33.609  -1.676  4.000 

11  28.602  0.000  4.000 

13  30.030  0.000  3.000 

15  33.609  0.000  9.000 

17  16.44?  0.817  2.500 

19  17.875  0.889  5.000 

21  19.313  0.962  1 .000 

23  20.740  1.035  1.000 

25  22.168  1.107  2.000 

27  23.595  1.179  11.000 

29  26.461  1.324  6.000 

31  28.602  1.427  4.000 

33  30.030  1.500  2.000 

35  32.181  1.614  18.000 

77  35.750  1.790  0.500 

39  13.582  1.355  2.000 

41  21.454  2.141  12.000 

43  22.882  2.286  9.000 

45  24.309  2.431  4.000 

47  25.747  2.576  18.000 

49  27.175  2.721  4.000 

51  28.602  2.865  24.500 

53  30.030  3.000  32.000 

55  32.181  3.217  3.000 

57  14.306  2.141  1.000 

59  17.161  2.576  4.000 

61  19.313  2.896  4.000 

63  20.740  3.113  5.000 

65  22.168  3.320  4.000 

67  23.595  3.538  18.000 

69  25.033  3.755  2.000 

21  26.461  3.972  10.000 

73  27.888  4.179  1.000 

75  29.316  4.396  1.000 

’77  33.609  5.038  1  .000 

79  7.1 48  1 . 427  1 .000 

81  13.582  2.721  2.000 

83  15.020  3.000  2.000 

85  18.589  3.714  8.000 

87  20.027  4.003  22.000 

89  21.454  4.293  58.000 

91  22.882  4.572  11.000 

93  24.309  4.862  6.000 

95  25.747  5.152  28.000 

97  29.316  5.865  4.000 

99  32.181  6.434  10.000 

101  10.727  2.679  2.000 

103  12.868  3.217  2.000 

105  14.306  3.579  2.000 

107  16.447  4.107  8.500 

109  17.875  4.469  134.000 

111  19.313  4.831  13.000 

113  21.454  5.358  1.000 

115  22.882  5.720  1.000 


SIGMA 

35 


MA-MAX 
35 . 750 
32.181 
23.595 
30.030 


33.609 

12.155 

13.582 

15.020 

17.161 

18.589 

20.027 

22.168 

23.595 


SIGMA-MIN 
-23.244 
-3.217 
-1.179 
-1 .500 


6.724 

3.041 

3.393 

3.755 

4.293 

4.645 

5.007 

5.544 

5.B96 


C  1 1 . 
4.0'. 

1  .  Ou'j 
1 . 00,.i 


-1 .676 

4.000 

10 

35.750 

-1.790 

2.00'.' 

0.000 

4 . 000 

12 

29.316 

0 . 000 

1  . 0'.  -'J 

0.000 

3.000 

14 

32.181 

0.000 

1 2.00 o 

0.000 

9.000 

16 

35.750 

0.000 

1 .500 

0.817 

2.500 

18 

17.161 

0.85  V 

2.00" 

0.889 

5.000 

20 

18.589 

0.931 

3 . 009 

0.962 

1  .000 

22 

20.027 

1  .004 

1  .  Ovv 

1  .035 

1  .000 

24 

21 .454 

1  .076 

6.000 

1.107 

2.000 

26 

22.882 

1.148 

1  .  00. 

1.179 

1 1 . 000 

28 

25.747 

1  .283 

6.00  m 

1  .324 

6 . 000 

30 

27 . 1 75 

1 . 355 

2 . 0*'"  - 

1  .427 

4.000 

32 

29.316 

1  .469 

1 .500 

2.000 

34 

31 .467 

1  .572 

1  . 000 

1  .61  4 

18.000 

36 

33.609 

1  .676 

11.0'  '< 

1  . 790 

0 . 500 

38 

. 10.727 

1  .  07  6 

1  .00  ■ 

1 .355 

2.000 

40 

14.306 

1  .427 

i  .  ooo 

2.141 

12.000 

42 

22.168 

2.214 

4.00C 

2.286 

9.000 

44 

23.595 

2.358 

21 .000 

2.431 

4.000 

46 

25.033 

2.503 

-  .  A0.;, 

2.576 

18.000 

48 

26.461 

2.648 

7 .  OOO 

2.721 

4.000 

50 

27 . 883 

2.793 

1  .000 

2.865 

24.500 

52 

29.316 

2.928 

6  ,  OOO 

3.000 

32.000 

54 

31 .467 

3.145 

2.000 

3.217 

3.000 

56 

33.609 

3.362 

1  .000 

2.141 

1 .000 

58 

16.447 

2.462 

1 0 . ooo 

2 . 576 

4.000 

60 

17.875 

2.6  79 

7  .  (H  ".  > 

2 . 896 

4.000 

62 

20.027 

3 . 000 

1  4  .  00 

3.113 

5 . 000 

64 

21.454 

3.21  7 

3 . 0  0  0 

3 . 320 

4.000 

66 

22.882 

3.434 

4  .  OOO 

3.538 

1 8 . 000 

68 

24.309 

3.652 

1  .  OOO 

3 . 755 

2.000 

70 

25.747 

3.858 

1 1 . 00" 

3.972 

10.000 

72 

27.175 

4.075 

8  00m 

4.179 

1  .000 

74 

28.602 

4.293 

1 1 .50" 

4.396 

1  . 000 

76 

30 . 03m 

4.510 

7.0,  .. 

5 . 038 

1  .000 

78 

5.730 

1  .  1  48 

5.0"" 

1 .427 

1  .000 

80 

1 2 . 868 

2.576 

1  .  M"" 

2.721 

2.000 

82 

14.30* 

2.865 

4 . 0"- 

3 . 000 

2.000 

84 

17.875 

3.579 

1 2 . OOO 

3.714 

8.000 

86 

19.513 

3 . 858 

6 . 00  '- 

4 . 003 

22.000 

88 

20.74m 

4.148 

1  7 . 00', 

4 . 293 

58 . 000 

90 

22.168 

4.438 

24.000 

4.572 

1 1 .000 

92 

23.595 

4.717 

38 . OOO 

4.862 

6.000 

94 

25.033 

5.007 

5-  .  00'' 

5.152 

28.000 

96 

28.602 

5 . 720 

2o.  O'" 

5.865 

4.000 

98 

30.030 

6.010 

9.00 

1 . 000 
2 .  OOo 
1  .  OOo 
3.000 
27.000 
6 .  OOo 
1  1  1  .0"' 
3.0>" 
89.00- 


.  * "»  i .  1  .  *  . 


i  *-»  * 
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TABLE  3. 2. 1-2.  EXAMPLE  2,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


STRESS  LAYERS'  IN  ONE  BLOCK 


STEP 

SIGMA-MAX 

SIGMA-MIN 

CYCLES 

1  17 

24.309 

6.083 

20.000 

119 

25.747 

6.434 

61 .000 

121 

27.175 

6.796 

1 3 . 000 

123 

30.030 

7.510 

3.000 

125 

5.007 

1  .500 

2.000 

127 

1 2 . 868 

3.858 

5  -  000 

1  29 

15.020 

4.510 

23.000 

131 

1 6.447 

4.934 

1 1 1 .000 

133 

1 7.875 

5.358 

1  .000 

135 

19.313 

5.793 

1 .000 

137 

20.740 

6.21  7 

43.000' 

139 

22. 1 68 

6.651 

13.000 

141 

24.309 

7.293 

5.000 

143 

12.155 

4.251 

49.000 

145 

13.582 

4 . 758 

10.000 

147 

15.020 

5.255 

3.000 

1  49 

17.161 

6.010 

8.000 

151 

18.589 

6.506 

1  . 000 

153 

20.740 

7.262 

1 1 .000 

155 

10.727 

4.293 

94.000 

157 

12.868 

5.152 

434.000 

159 

14.306 

5.720 

1  .000 

161 

15.734 

6.289 

2.000 

163 

17.161 

6.869 

92.000 

165 

19.313 

7.727 

1  9 . 000 

167 

7.148 

3.21  7 

19.000 

169 

10.727 

4.831 

534.000 

171 

12.868 

5.793 

54.000 

173 

14.306 

6.434 

716.000 

175 

16.447 

7.396 

1 1 .000 

177 

7.862 

3.931 

8.000 

179 

12.155 

6.083 

31 .000 

181 

13.582 

6.796 

93.000 

183 

7.862 

4.324 

3.000 

185 

12.155 

6.682 

278.000 

187 

13.582 

7.469 

38.000 

189 

11.441 

6 . 869 

1  .000 

191 

7.862 

5.110 

67.000 

193 

7.148 

5.007 

212.500 

195 

7.862 

5.896 

1  .000 

197 

5.720 

4.862 

1  . 000 

199 

7.862 

6.682 

293.000 

201 

5.007 

4.758 

22.000 

203 

7.148 

6.796 

52.000 

STEP 

SIGMA-MAX 

SIGMA-MIN 

C  iCl  ' 

1  18 

25.033 

6.258 

3.0  0 

120 

26.461 

6.610 

1  7.00" 

1  2'’ 

28.602 

7 . 1  48 

5 . 00" 

1  24 

4.293 

1 .283 

1  . 000 

126 

12.155 

3.6'  2 

1  .  00" 

128 

1 3 . 582 

4 . 0  75 

31.  ’ 

130 

15.734 

4.717 

1 7. v"  ■ 

132 

17.161 

5.15  2 

a 

134 

18.589 

5.57  6 

6  .  v ■ 

1  36 

20.027 

6.01  0 

209.000 

138 

21 .454 

6 . 4  ?4 

174 

140 

22.882 

6.869 

3.  . . 

1  42 

11.441 

4.003 

7 .  ■  0" 

1  44 

12.868 

4.510 

6 . 00" 

1  46 

1 4 . 306 

5 . 00  7 

258  .  00' 

148 

16.447 

5.751 

1  4 . 0<  ".’ 

150 

17.875 

6.259 

4o: . ooo 

152 

19.313 

6.755 

65 . 000 

154 

7.862 

3.145 

1  .00'. 

156 

12.155 

4.862 

19.00'. 

158 

13.582 

5.431 

1  9 . 06'  • 

160 

15.020 

6.010 

1 9 . 000 

162 

16.447 

6.579 

494.000 

164 

18.589 

7.437 

4 . 000 

166 

6.434 

2.896 

2.000 

168 

9.300 

4.179 

23C.000 

170 

12.155 

5.4  72 

1  .000 

1  72 

13.582 

6.114 

5.000 

174 

15.020 

6.755 

130,0  Ov/ 

1  76 

17.161 

7.727 

36 . 000 

178 

11.441 

5.720 

5.000 

180 

1 2 . 868 

6.434 

363.00«' 

182 

15.020 

7. Si  0 

6  3 . 000 

184 

1 0 . 727 

5.896 

37 . 00" 

186 

1  2 . 863 

7.076 

1  ?(.  .  <"■>' 1 

188 

7.148 

4.293 

3 .  O' 

190 

7.148 

4.645 

7 . 000 

192 

6.434 

4.510 

12.':".". 

194 

5.720 

4.293 

2.006 

196 

5.007 

4.251 

1  .000 

198 

7.148 

6.083 

17.000 

200 

7.148 

6.434 

7.000 

202 

6.434 

6.114 

4 . 000 

204 

7.862 

7.469 

2.000 
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TABLE  3.2.1 -2.  EXAMPLE  2,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


«•***** 

DAM 

AGE  G 

ROUT 

H  HIS 

TORY 

*»**»## 

BLOCK 

Cl 

C2 

K MAX  -  Cl 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX  -A? 

DAI /DF 

DA2/DF 

KN1 

KN2 

0.0 

0.05000 

0 . 00000 

20.192 

0.000 

. OOOE+OO 

.OOOE+OO 

. OOOE+OO 

.OOOE+OO 

0.05000 

0 . 00000 

25.306 

0.000 

.oooc+oo 

-OOOE+OO 

.OOOE+OO 

.OOOE+OO 

1  .0 

0.06587 

0.00000 

24.246 

0.000 

. 1 32E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.08191 

0.00000 

27.526 

0 . 000 

. 266E- 03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

2.0 

0.09110 

0.00000 

27.624 

0 . 000 

.210E-03 

•OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.12312 

0.00000 

29.527 

0.000 

. 343E-03 

.  OOOF.+OO 

.OOOE+OO 

. OOOF  +  00 

3.0 

0.12659 

0 . 00000 

28.050 

0.000 

. 296E-03 

.OOOE+OO 

.OOOE+OO 

.  OOOE+OO 

0.17173 

0.00000 

28.167 

0.000 

. 405E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

STABLE 

BREAK-THROUGH  OF 

CRACK  NO. 

1  OCCURS 

Al  : 

CYC=  1.0 

,  STEF' 

-  77, 

BLOCK  = 

4,  CRACK  DEPTH  = 

0.18808 

CRACK 

DERTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

4.0 

0.16422 

0.00000 

30.549 

0 . 000 

. 314E-03 

.OOOE+OO 

.OOOE+OO 

•OOOE+OO 

0 . 1 8800 

0.00000 

0.000 

0.000 

.136E- 03 

. OOOE+OO 

.OOOE+OO 

.OOOE+OO 

5.0 

0.20819 

0.00000 

31 .702 

0.000 

. 366E-03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0 . 000 

. OOOE tOO 

.OOOE+OO 

.OOOE+OO 

.OOOF  +00 

6.0 

0.25813 

0.00000 

33.030 

0 . 000 

.416E-03 

.OOOE+OO 

. OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

. OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

7.0 

0.31610 

0.00000 

34.575 

0.000 

. 483E-03 

.  OOOF  1 00 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0 . 000 

. OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE *00 

8.0 

0.38452 

0.00000 

36.379 

0.000 

.  570E--03 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

9.0 

0.46651 

0 . 00000 

33.493 

0.000 

. 683E-03 

.OOOE +00 

.OOOE+OO 

. OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

‘.OOOE+OO 

.OOOE+OO 

. OOOE +00 

10.0 

0.56608 

0.00000 

40.982 

0 . 000 

. 830E-03 

.OOOE tOO 

. OOOE+OO 

. OOOF  +00 

0 . 1 8800 

0 . 00000 

0.000 

0 . 000 

•OOOE+OO 

.OOOE +00 

. 0001  t  00 

.OOOE+OO 

11.0 

0.69343 

0 . 00000 

44.054 

0 . 000 

. 106E-02 

.  0001  +  00 

.OOOE+OO 

.OOOE  +00 

0 . 1 8000 

0 . 00000 

0 . 000 

0.000 

. OOOE  t  00 

.OOOE +00 

.OOOE+OO 

. OOOF • 00 

12.0 

o . 85973 

0 . 00000 

47.965 

o.ooo 

. 1 39E  03 

. ooor  t  oo 

.OOOF + 00 

.OOOE+OO 

0.18300 

0 . 00000 

0 .  OOO 

o .  ooo 

.OOOE+OO 

.ooot  +oo 

.OOOE+OO 

.0001  too 

13.0 

1 .09410 

0 . 00000 

53.984 

0 .  ooo 

. 1 95 F  02 

.  OOOE 1 00 

.0001+00 

.00"1 +00 

0 . 1 8800 

0.00000 

0.000 

0.000 

. OOOE  <  O0 

.0001  +00 

.OOOE+OO 

.OOOF +00 
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TABLE  3. 2. 1-2.  EXAMPLE  2,  METHOD  1,  RUN  1  OUTPUT  FILE  (CONCLUDED) 


IJNSTAPLE  GROWTH  OF  CRACK  NO.  1  OCCURS  AT: 

CYC  =  32.0,  STEP  =119,  BLOCK  =  14,  CRACK  LENGTH  =  1.30295,  CKMAXS-1 17.94 

THE  OTHER  CRACK  LENGTH  =  0.00000 
TERMINATE  DAMAGE  COMPUTATION 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

APA0L1  *  . 202E+00 ,  APC0L1  =  . 144E+01,  RYAOI  1  «  .13/E -01 ,  RYC0L1  =  .2950  +  00 

AK0L1  =  . 269E+02 ,  CK0L1  =  .722E+02,  A0L1  =  .1B0E+00,  C0L1  =  .13/F+01 

APA0I...2  =  .OOOE  +  OO,  APC0L2  =  .OOOE+OO,  RYA0L2  »  .OOOE  +  O0,  RYC0L2  =  .OOOE+OO 

AK0I.2  »  .OOOE  +  OO,  CK0L2  =  .OOOE+OO,  AOl.2  =  .OOOF+OO,  C0L2  =  .OOOE  +  OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG1  =  .OOOE+OO,  DMG0L1  =. OOOE+OO,  DELDG1  =. OOOE+OO 
DMG2  =  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG?  = . OOOE+OO 


TABLE  3. 2. 1-3.  EXAMPLE  2f  METHOD  1,  RUN  2  INPUT  FILE 


l  ■i.ni  l  K  I.'IW  Mfl .  2  "I  t 
.‘i.l A  .VIII  FI 

2.23  /4l  v‘V  O./O 

116.00  36 .  0 

10.426  .366 

0.2  JO  8.18G 

0.1  980£  *000.2870*.  *000. 
0 . OOOOt  >000 . OOOOE+OvO . 
0 .  OOOOE+OOO .  OOOGE'+OOO  . 


IJIMIN  .YIIU  JI.CTtD  HI  KANDOn  I  /I  l«  LMhIHNO  .Yl'kCTKIJh 


i . 3386  0.21261  9 
53.0  2.0 

0.087  10700.0 

0.180  0.100 


2.9/03 
0 . 99 
1  . 000 
0 . 000 


1 080E  010. 5260E  010. 2390E+020 . 30500020 . 1  BUGfc  +000 . 2340E+00 
OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOwE+OOO . OOOOE+OO 
OOOOfc.  * 000 . OOOOL+OOO . OOOOt *000 . OOOOE+OO 


0.188 

0.1250 

8.18 

9.82 

O'.  00000 

.00000 

99.900  50.  1.00 

► . 0000 

0.1250 

0.00 

1  .64 

0.00000 

.00000 

0.00000  .00000 

* 

» .  000 

0 . 0000 

1  19 

1  0 

1  100 

1030  0000 

* 

G .  OOO 

0 . 000 

0.000 

0.000 

0.000 

0.000 

0.000  0.000 

1 20 . 0 

25.0 

6000. 

1 

TABLE  3. 2. 1-4.  EXAMPLE  2,  METHOD  1,  RUN  2  OUTPUT  FILE 


*****  DETAILED  DAMAGE  GROWTH  ANALYSIS'  PROGRAM  D  A  M  G  R  0  ***** 

EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 
*  THIS  ANALYSIS  RESTARTS  WITH  THE  STRESS  SPECTRUM  AT  STEP  119  * 


NO.  OF  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH  =  1;  CRACK  INITIATION 
CRACK  GROWTH  =  1030)  CRACK  INITIATION 


LOAD  INTERACTION 


GENERALIZED  WILLENBORG  ET  AL— CHANG  MODEL 


MATERIAL  :  2024-T3  SHEET 

WALKER  EQ.  CONST.  <+R)  :  C  =  0.224E-08,  M  =0.700, 
WALKER  EQ.  CONST.  < - R )  C  =  0.621!  -00,  M  =0.000, 
MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 
RETARDATION  SHUT-OFF  RATIO  =  2.300 
+  R  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 
YIELD  STRENGTH  53.000 
ELASTIC  MODULUS  =  0.1070E+05 
PL.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 
DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.88? 

NEUBER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EQ .  CONST.  SF  =  10.426,  M  =- 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  ■  1.0000,  BE  I A  =  1.0000,  GAMMA  =  1.0000 


N  =3.339 
N  =2.978 


0.887 


10.426,  M  =-.366 


SPECIFIED  DAMAGE  CONDITIONS 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1  0.23000 

FINAL  CRACK  LENGTH  OF  CRACK  NCI.  1  :  8.18000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  0.18800 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  :  0.18800 

INITIAL  CRACK  LI  NOTH  OF  CRACK  NO.  2  0.00000 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  2  0.00000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  0 . OOOOv 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  2  :  0.00000 

PARAMETERS  FROM  PRf VJOUS  CRACK  GROWTH  HISTORY 
APA0L1  =  .  1 98E  t-00 ,  ARC0L1  =  .28/1*00,  RYA0L1 

AK0L1  =  .  239E  *02  .  (.KOI  1  *  .3051*02,  AOL  1 

APA0L2  =  .000000,  APC0L2  *  .0©OE*0O,  RYA0L2 

AK0L2  =  .0001  *00,  CI’OL.2  =  .0001*00,  A0L2 

PARAMETERS  FROM  PREVIOUS  CRACK  INI.  1  CATION  HIST 
DMG 1  =  .  0001*0",  DMG0L1  =  .  •  ■■''Of  « ■  >0  ,  DEI.DG1 
DMG2  =  .0001  *0",  DMG0L.2  =.000E*00,  1*1  IDG.’ 


305E  *  02 ,  AOL 1  =  . 
OOOE *00,  RYA0L2  =  . 
0001-  *00,  AOL. 2  =  . 
INI.  1  CATION  HISTORY 
•'Of  t"0,  DEL  DG1  -.o 
OOP  *00,  1*1  I  DG2  =  .  O 


1  O8E-01  , 
1  00 1-  *  00  , 
OOOE *00 , 
OOOE *  00 , 

•>0F  *  00 

•  •or  *  oo 


RYC0L.1 

cm  i 

RYCOI  2 
COL  2 


.5261-01 
.  2  14!  +00 

.OOOE *00 
.©••>■»!;  +00 


O  O 


TABLE  3. 2. 1-4.  EXAMPLE  2,  METHOD  1,  RUM  2  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY  : 

THICKNESS  OF  PLATE  : 

RADIUS'  OF  MID.  HOLE  ■ 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE 
DISTANCE  BETWEEN  MID.  HOLE.  AND  L.H.S.  EDGE 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  U.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 


0.18800 
0 . 1 2500 
99.899V? 
8. 18000 
9.82000 
0 . 00000 , 
0.00000 
0.00000 
0.00000, 
0.12500 
1 .64000 
0.00000, 
50.0 
1  .00 
0.0000 
0 . 0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM  : 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  •  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  :  7416.500 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  120.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  :  25.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  :  6000.000 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  :  35.750 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  204 


TABLE  3. 2. 1-4.  EXAMPLE  2,  METHOD  1,  RUN  2  OUTPUT  FILE  (CONCLUDED) 


###*#*# 

DAM 

A  G  E  G 

ROUT 

H  HIS 

T  0  R  Y 

#*#***« 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX-A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

© 

© 

0.23000 

0.00000 

68 . 666 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

1  .0 

0.62217 

0.00000 

78.573 

0.000 

. 327E-02 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0 . 00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

. OOOE+OO 

2.0 

2.16138 

0.00000 

96.070 

0.000 

•128E-01 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

UNSTABLE  GROWTH  OF  CRACK  NO.  1  OCCURS  AT: 

CYC  =  6.0,  STEP  =  98,  BLOCK  =  3,  CRACK  LENGTH  =  3.65077,  CKMAXS=1 1 6 . 20 

THE  OTHER  CRACK  LENGTH  =  0.00000 
TERMINATE  DAMAGE  COMPUTATION 


RETARDTION  PARAMETERS  A1  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION  : 

AF'AOLI  «  .  1 98E+00 ,  APC0L1  «  .415E+01,  RYA0I.1  *  .108E-01,  RYCOI.  1  -  .535E+00 

AK0L1  =  . 239E+02 ,  CK0L1  =  .972E+02,  A0L1  =  .188E+00,  C0L1  =  .3611*01 

APA0L2  »  . OOOE+OO ,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC0L2  «  .OOOE+OO 

AK0L2  =  .OOOE  +  OO,  CK0L2  =  .OOOE+OO,  A0L.2  =  .OOOE+OO,  COl.2  =  .OOOE+OO 

RE1 AF'DATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG 1  =  .OOOE+OO,  DMG0L1  =. OOOE+OO,  DELDG1  =. OOOE+OO 
DMG2  =  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG2  = . OOOE+OO 


"ryrry  VTWf#  w\>  *-4 


TABLE  3.2.2.  EXAMPLE  2.  METHOD  2  SUMMARY  TABLE 

REF.  PAGES  78  THROUGH  90 


/—  INITIAL 
/  FLAW 


Q21  M 


OJ _ 

WW) 


a  l 

a  2 

a  3 

LIFE  (BLOCK, 

ROUTINES 

RUN 

(IN) 

(IN) 

ONI 

LAYER.  CYCLES) 

GROWTH 

INITIATION 

NO. 

.050 

0 

0 

0 

K1010 

SI  010 

1 

.065 

0 

0 

1. 

0,  0 

K1010 

SI  010 

1 

.091 

0 

0 

2, 

o,  o 

K1010 

SI  010 

1 

.126 

0 

0 

3, 

o,  o 

K1010 

SI  010 

1 

.164 

0 

0 

4, 

o,  o 

K1010 

SI  010 

1 

.208 

0 

0 

5, 

0,  0 

K1010 

SI  010 

1 

.258 

0 

0 

6. 

0,  0 

K1010 

SI  010 

1 

.316 

0 

0 

7, 

0,  0 

K1010 

SI  010 

1 

.384 

0 

0 

8, 

0,  0 

K1010 

SI  010 

1 

.466 

0 

0 

9, 

o,  o 

KIOTO 

S1010 

1 

.  566 

0 

0 

10, 

0,  0 

K1010 

SI  010 

1 

.693 

0 

0 

11, 

0,  0 

K1010 

SI  010 

1 

.859 

0 

0 

12, 

0,  0 

K1010 

SI  010 

1 

.901 

.050 

0 

12, 

36,11 

K1010 

SI  010 

1 

1.218 

.45 

0 

13, 

0,22 

K1040 

SI  030 

2 

1 .39 

.532 

0 

13, 

34,23 

K1040 

SI  030 

2 

1 .044 

.050 

13, 

96,40 

K1030 

SI  050 

3 

2.205 

1.229 

14, 

0,40 

K1050 

4 

HO.  OF  CYCLES  TO  SECONDARY  CRACK  INITIATION  =  89,134  CYCLES 
_ NO.  OF  CYCLES  TO  FAILURE  =  103,871  CYCLES 


x  *  ■  mi  xV 


'».’  v  '’1 


TABLE  3. 2. 2-1.  EXAMPLE  2.  METHOD  2,  RUN  1  INPUT  FILE 


f>- AMPLE  RUN  NO.  1*  SPI 

?c;:4  r.i  .vottr 

:* . :- j ? a t  ov  o./o 

*16.00  36. 0 

*0.41*6  .Joe, 

DOW  *.590 

<> .  0000*  I  OoO  .  OuOOE+OOO 
0 . 0000E+OO0 . OOOOE+OOO 
0 .OOOOE  M)00 .  OOOOE  +  000 


CIMEN  SUBJECTED  ro  RAND0MI7E-D  LOADING  SPECTRUM 

3.3.506  6.LM26E  9  0.00  2.9783 

*>*.0  2.0  2.3  0.99  0.99 

0.00/  10700.0  0.022  1.000  1.0  1.0 

0.050  0.1 80  .0000  O.OOO  O.OOO  0.000 

.  OOOOE  +000 .  OOOOE  +000 .  OOOOL+OOO .  00001. 1000 .  OOOOE  + 000 .  OOOOE +00 
OOOOE+OOO . OOOOE  +000 . OOOOL  +  OOO . OOOOE +000 . OOOOE +000 . OOOOE +  00 
OOOOE+OOO . OOOOE+OOO . OOOOE+OOO . OOOOE+OO 

.00000 
.00000 


0. 18U 

0 . 1 250 

9.82 

8.18 

0.00000 

> .  1 25© 

0.0000 

1  .6  A 

0.00 

0.00000 

►  .000 
i  00 

0.0000 

1  2 

1  10© 

1010  1010 

0.000 

0.000 

0.000 

0.000 

0.000 

120.0 

25.0 

6000. 

1 

99.900  50.  1.00 

0.00000  .00000 


0.000 


0.000 


0.000 


TABLE  3. 2. 2-2.  EXAMPLE  2,  METHOD  2,  RUN  1  OUTPUT  FILE 


•*«*»  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  *«#** 

EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 


«  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 


NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH  =  1;  CRACK  INITIATION  « 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  »  1010;  CRACK  INITIATION  =  101 

LOAD  INTERACTION  ;  GENERALIZED  WILl.ENBORG  ET  AL— CHANG  MODEL 

MATERIAL  :  2024--T3  SHEET 

WALKER  EG! .  CONST.  OR)  :  C  =  0.224E-O8,  M  =0.700,  N  =3.339 

WALKER  EQ .  CONST.  <-R)  :  C  =  0.621E-08,  M  =0.000,  N  =2.978 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 

YIELD  STRENGTH  :  *53.000 

ELASTIC  MODULUS  =  0.1070E+05 

PL.  STRESS  FRACT.  TOUGHNESS  =  11  A. 00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 

DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.887 

NETIBER  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EG) .  CONST.  :  SF  =  10.426,  M  =—.366 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  =  1.0000,  GAMMA  =  1.0000 


SPECIFIED  DAMAGE  CONDITIONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1  : 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  : 

INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  : 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2  : 
FINAL  CRACK  LENGTH  OT  CRACK  NO.  2  : 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2  : 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  2 
PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH 
APA0I.1  =  .  0'>0E  •  00 ,  Al  ’COl  1  =  .OOOE+OO 
AK0L1  =-  .OOOE+OO,  CK0L1  =  .OOOE+OO 
APAOl.2  »  .  OOOE+OO ,  APC0L3  =  .OOOE+OO 
AK0L2  a  .OOOE+00,  CKOC?  --  .OOTE+OO 
PARAMF  TERS  FROM  PREVIOUS  CRACK  INIT  IAT 
DMG1  =»  .OOOE+OO,  DMGOL 1  =.*••:•■*!  +00, 
0MG2  -  .OOOE  •'><),  DMGOL.’  ==.  OOdE+OO, 


0 . 0*5000 
1 . 39000 
0 . 0*5000 
0 . 1  8000 
0 . 00000 
0.00000 
0 . 00000 
0 . 00O00 
HISTORY 
RYA0I..1  * 

AOI.  1 
RYAOI  2 
,  +1UL2 

ION  HISTORY 
Dll  PCI  .0001 
DEIDG2  .<><>*>l 


OOOE+OO, 
oo.jE+OO, 
OuOE+OO , 
00>f:  +00 , 


*  0(1 
+  0*  ■ 


RTC0L1 
COI.  1 
R  i  *01.2 
COL  2 


.  0001:  +00 
.0001  tOO 

.  <HI<1F.  t  OO 
.  0001+00 


78 


c  ro 


TABLE  3. 2. 2-2.  EXAMPLE  2,  METHOD  2,  RUN  1  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE  : 

RADIUS  OF  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  ; 

FAYING  SURFACE  FRICTION  STRESS  : 


0.1 8R0© 
0 . 1 2500 
99.Q9999 
9 . 02000 
8.18000 
0.00000, 
0.12500 
1 .64000 
0.00000, 
0.00000 
0.00000 
0.00000, 
50.0 
1  .00 
0.0000 
0.0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM  : 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  :  100 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  7416.500 

TOTAL  NO.  OF  FL1GH1S  IN  ONE  BLOCK  120.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  I  IFF  TIME  :  25.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  H SIGN  LIFETIME  6000.000 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  35. 750 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  204 


TABLE  3. 2. 2-2.  EXAMPLE  2,  METHOD  2,  RUN  1  OUTPUT  FILE  (CON'T.) 


ft**W»*» 

DAM 

AGE  G 

R  0  W  T 

X 

X 

r-4 

Co 

TORY 

«*»»««• 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DE 

DC2/DF 

INITIA1 

INITIA2 

A1 

A  2 

KMAX-A1 

KM  AX- -A. 2 

DAI /DE 

DA2/DF 

KN1 

KN2 

0.0 

0.05000 

0.00000 

20.192 

0.000 

. OOOE+OO 

.OOOE+OO 

.143E  -03 

.106E-  03 

0.05000 

0.00000 

25.306 

0.000 

.  ooor  >00 

.OOOE+OO 

. 278E+01 

. 263E+01 

1  .0 

0.06587 

0.00000 

24.246 

0.000 

.  132E-03 

•OOOE+OO 

. 293E-01 

.  209E--01 

0.08191 

0.00000 

27.526 

0.000 

. 2A6E-03 

.OOOE+OO 

.2831+01 

.  263E+01 

2.0 

0.09110 

0.00000 

27.624 

0.000 

.21 0E-03 

.OOOE+OO 

.A18E  -01 

.418E-01 

0.12312 

o.ooooe 

29.527 

0.000 

. 343E-03 

.OOOE+OO 

. 290E+  01 

. 263E+01 

3.0 

0.12659 

0.00000 

28.050 

0.000 

. 296E-03 

.OOOE+OO 

. 980E-01 

. 626E-01 

0.17173 

0.00000 

28.167 

0.000 

. 405E-03 

.OOOE+OO 

. 273E+01 

.  2A3E+01 

STABLE 

BREAK-THROUGH  OF 

CRACK  NCI. 

1  OCCURS 

AT  : 

CYC=  1.0 

,  STEP 

=  77, 

BLOCK  = 

4,  CRACK  DEPTH  = 

0.18808 

CRACK 

DEPTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

4.0 

0.1 6422 

0.00000 

30.549 

0.000 

.31 4E-03 

.OOOE+OO 

. 1 2AE+00 

.  835E-01 

0.18800 

0.00000 

0.000 

0.000 

. 1 36E-03 

.OOOE+OO 

.282E+01 

. 263E+01 

5.0 

0.20819 

0.00000 

31 .702 

0.000 

. 366E-03 

.OOOE+OO 

. 1 59E+00 

.1041+00 

0.18800 

0.00000 

0.000 

0.000 

. OOOE <00 

.OOOE+OO 

.  292E+01 

.  2A3E+01 

A .  0 

0.25813 

0 . 00000 

33 . 030 

0 . 000 

.41 AE -03 

.OOOE+OO 

.  199E+00 

.  1  25F.+00 

0 . 1  8800 

0 . 00000 

0.000 

0.000 

. OOOE+OO 

.OOOE+OO 

.  303E  +  01 

. 2A3E+01 

7.0 

0.31610 

0.00000 

34.575 

0 . 000 

. 483E-03 

.OOOE+OO 

. 248E+00 

.  1  46E+00 

0.18800 

0.00000 

0.000 

0.000 

. OOOE +00 

.OOOE+OO 

. 31 5E+01 

. 263E+01 

8.0 

0.38452 

0.00000 

36.379 

0.000 

. 570E-03 

.OOOE+OO 

. 309E+00 

.  1  6  7E +00 

0.18800 

0.00000 

0.000 

0.000 

.0001+00 

.OOOE+OO 

.3281 +01 

.26  31  +01 

9.0 

0.46651 

0.00000 

38 . 493 

0 . 000 

.6831-03 

.OOOE+OO 

.  387E+00 

.  1  88E+00 

0.18800 

0 . 00000 

0 . 000 

0.000 

. OOOE  +00 

.OOOE+OO 

. 344E+01 

.2631':+ 01 

10.0 

0.56608 

0.00000 

40.982 

0.000 

. 830E-03 

.OOOE+OO 

. 488E+00 

.  20  "E  <  00 

0.18800 

0.00000 

0.000 

0.000 

. OOOE+OO 

.OOOE+OO 

.  3  6 1  E  +  0 1 

.  263E  +  01 

11.0 

0.69343 

0.00000 

44.054 

0.000 

.  1 06E--02 

.OOOE+OO 

. 622E+00 

.  22'  ’E+00 

0 . 1 8800 

o.ooooo 

0 . 000 

0 . 000 

.OOOE+OO 

.OOOE+OO 

. 383E+01 

.  2+-  +E  <01 

12.0 

0.85973 

0.00000 

4  .  965 

0 . 000 

. 1 39E  02 

.OOOE+OO 

. 809E+00 

.25“F +00 

0 . 1 8800 

0 . 00000 

0.000 

0.000 

-OOOE+OO 

.OOOE+OO 

. 409E+01 

. 263E+01 

'.'WWk 
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TABLE  3. 2. 2-2.  EXAMPLE  2,  METHOO  2,  RUN  1  OUTPUT  FILE  (C0NCLU0E0) 


CRACK  INITIATION  FOR  LOCATION  1  OCCUR,?  AT  : 

,  CYC  *  11.000,  STEP  =  36,  BLOCK  *  13 

CRACK  LENGTHS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION  : 
Cl  =*  0.90143,  A1  =  0.18000,  C2  *  0.00000,  A  2  =  0.00000 


RETARDT10N  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

APA0L1  =  .202F+00,  APC0L1  --  .101E+01,  RYA0L1  =  . 13/E  01,  RYC0L1  =  . 1 33E+00 

AK0L1  =  .2691+0.?,  CK0L1  =  .485E+02,  A0L1  =  . 188E+00,  C0L1  .080E+00 

APA0L2  »  .OOOE+OO,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC0L2  =  .OOOE+OO 

AK0L2  =  .OOOE+OO,  CK0L2  =  .OOOE+OO,  A0L..2  =  .OOOE+OO,  C0L2  -  . 0001. ♦  00 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION  : 
DMG1  «  . 879E+00 ,  DMG0L1  =.970E-03,  DELDG1  = . OOOE+OO 
DMG2  =  . 257E+00 ,  DMG0L2  =.105E03,  DEI.DG2  =. OOOE+OO 


LVJLit.1  «jl  V1) 


TABLE  3. 2. 2-3.  EXAMPLE  2,  METHOD  2,  RUN  2  INPUT  FILE 


i  'iiiil'M  lair*  no.  :■  ..i  n  mm  -iin  ill. ii  i<  in  i ■■/•iii ii i mi/ 1  o  l  imiiiur.  j*ijl:C ri/Uh 


.‘4  1  3  Slltl  r 
23  ,'4t  07 

O.  tO 

3 . 3386  6.2K’6fc  V 

O.oO 

2.9783 

116.00 

36.0 

53.0  ?.0 

2.3 

0.99 

-0.99 

10.426 

.  366 

0.88?  10/00.0 

0.022 

1  .000 

1  .0 

1 .0 

0 . 900  1 

.390 

0.188  0.188 

.0500 

0.180 

0.050 

0 . 1  88 

0.2920L+000. 1 01  OF  1010. 1  370E  010.1  330C+000 .  'J690E+0 JO .  4840E+  020 . 1  880E+000 . B800E+ 00 
0 . OOOOE +00© . OOOOE+OOO . OOOOE  +000 . OOOOG  +  OOO . OOOuE ♦ 000 . OOOOE  +  OOO . OOOOE+OOO . OOOOE+OO 
0  .  :«>70E  +000 . 1 050E  0 30 .  OOOOE  +  OOO .  OOOOE+OOO .  OOOOE  +000 .  OOOOE  +00 


0.188 

0 . 1 250 

9.82 

u.ifl 

0.00000 

.00000 

99.900  50. 

.  1.00 

• . 1 250 
>.000 

36 

0.0000 

0.0000 

2  1 

1  .64 

1  100 

0.00 

1040  1030 

0.00000 

.00000 

0.00000 

.00000 

0.000 

120.0 

0.000 

25.0 

0.000 

6000. 

0.000 

1 

0.000 

0.000 

0.000 

0.000 

TABLE  3. 2. 2-4.  EXAMPLE  2,  METHOD  2,  RUN  2  OUTPUT  FILE 


»*»#«  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  «##*« 


EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 
»  THIS  ANALYSIS  RESTARTS  WITH  THE  STRESS  SPECTRUM  AT  STEP  36  » 


NO.  OF  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH 
CRACK  GROWTH 


*  1040; 


CRACK  INITIATION  =  1 

CRACK  INITIATION  -  1030 


LOAD  INTERACTION 


GENERALIZED  WILLENBORG  ET  AL  — CHANG  MODEL 


MAI T  RIAL  •  2024-T3  SHEET 

WALKER  EG).  CONST.  '<  +R>  :  C  =  0.224E-08,  M 
WALKER  EG).  CONST.  <-R)  :  C  =  0.621E-08,  M 
MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 
RETARDATION  SHUT-OFF  RATIO  =  2.300 
+R  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 
YIELD  STRENGTH  :  53.000 

ELASTIC  MODULUS  =  0.1070E+05 
PL.  STRESS  FRACT.  TOUGHNESS  =  116.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 
DAMAGE  INDEX  FOR  CRACK  INITIATION 
NE.UBER  MATERIAL  CONST.  *  0.022 
CRACK  INITIATION  EG).  CONST.  :  SF 
STRESS  SEVERITY  FACTOR  PARAMETERS 
ALPHA  -•  1.0000,  BETA  =  1.0000, 


=0.700, 

=0.000, 


N  =3.339 
N  =2.978 


0.887 


10.426,  M  =-.366 


GAMMA 


1  .0000 


SPECIFIED  DAMAGE  CONDITIONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  2 
PARAMETERS  FROM  PREVIOUS  CRACK 
. 202E  *00 ,  APC0L1  = 

.  269E  +  02,  CKOI.  1 
. OOQE+0O,  A P COL 2 
. OOOF+OO,  CKOI  2 
FROM  PREVIOUS  CRACK 
25/EiOO,  DMGOI  1  =. 


0.90100 


.  39000 
.  1 8800 
,  1 8800 
,  05000 
,18000 
,  05000 
,18800 


A PAULI 
AK0L1 
APA0L2 
AK0L2 
F.  ARAMF  I  EPS 
DMG 1 
DMT.  2 


GROWTH  HISTORY 
.  1  OIF:  +01,  RYAOI  1  = 
.48 JE  +  02,  AMI  1  = 

.  OOOE  *  00 ,  RYAOI 2  = 
.HOOF  *()■),  A0L2  = 
INITIATION  FIT  ''  TORY 
10M'  03.  Dll.  PCI 


.1371 
.1881 
.0001 
.  o+'or 


oi , 

*  oo , 

*  +  >o , 
+  nO , 


RYC0L1 
COL  1 
RYCOl.2 
me  • 


.  1 3  TP *  00 
.  OlToF  *  00 
.0001  *00 
...001  +00 


.  OOOE I "0,  DUG 01  2  -.0001  +00, 


DTI...  DC  2 


0001 

'.OOF 


OO 

.1.1 


82 


i 

Li. 


TABLE  3. 2. 2-4.  EXAMPLE  2,  METHOD  2,  RUN  2  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY  : 

THICKNESS  OF  PLATE  : 

RADIUS  OF  MID.  HOLE 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OF  THE  R.H.S.  HOLE  • 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 
RADIUS  OF  THE  L.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  MOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 


0 . 1 8800 
0 . 1 2500 
99.89999 
9.82000 
8.1 8000 
0 . 00000 
0.12500 
1 .64000 
0.00000 
0.00000 
0.00000 
0.00000 
50.0 
1  .00 
0.0000 
0.0000 


0.00000 

0.00000 

0.00000 


STRESS  SPECTRUM  : 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  : 
TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK  : 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  : 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  : 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME 
MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM 
NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK 


100 

7416.500 
120.000 
25 . OOP 
6000.000 
35 . 750 
204 


UNSTABLE  BREAK-THROUGH  OF  CRACK  NO.  2  OCCURS  AT  : 

CYC  *>  0.0,  STEP  •  36,  BLOCK  =  1,  DEPTH  =  0.05000,  AKMAXS=  52.24 


V' 


4 


a 


83 


.lvl  .i.  Ai-s,' 


v/Amvl! 


TABLE  3. 2. 2-4.  EXAMPLE  2,  METHOD  2,  RUN  2  OUTPUT  FILE  (CONCLUDED) 


*»#«*«* 

DAM 

AGE  G 

R  0  W  T 

H  HIS 

TORY 

««**«** 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX  A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

o 

o 

0.90100 

0.05000 

49.490 

41 .685 

.OOOE+OO 

.OOOE+OO 

. 259E+00 

.OOOE+OO 

0 . 1 8800 

0.05000 

0.000 

52.244 

.OOOE+OO 

.OOOE+OO 

. 263E+01 

. OOOE+OO 

1  .0 

1 .21853 

0.45006 

67.869 

63.073 

. 265E-02 

. 333F-02 

. 2  72E+00 

.OOOE+OO 

0.18800 

0.18800 

0.000 

0 . 000 

.OOOE+OO 

.  1 15E-02 

. 263E+0 1 

.OOOE+OO 

UNSTABLE  GROWTH  OF  CRACK  NO.  1  OCCURS  AT: 

CYC  =  1.0,  STEP  =  34,  BLOCK  •  2,  CRACK  LENGTH  =  1  .  57721,  CKMAXS*  1 26 . 59 

THE  OTHER  CRACK  LENGTH  =  0.53209 
TERMINATE  DAMAGE  COMPUTATION 


Rf  TARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION  : 

APA0L1  =  . 202E  + 00 ,  APC0L1  =  . 189E+01,  RYA0L1  =  .137E-01,  RYC0L1  =  .529E+00 

AK0L1  =  . 269E+02 ,  CK0L1  *  .966E+02,  A0L1  =  .  188E+00,  C0L1  =  . 136E+01 

APA0I.2  ■  .  OOOE+OO,  APC0L2  *  .763E+00,  RYA0L2  *  .OOOE+OO,  RYC01.2  =  .243E+00 

AK0L2  =  .OOOE+OO,  CK0L2  =  .655E+02,  A0L2  =>  .OOOE+OO,  C0L2  «  .520E+00 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG1  =  . 277E+00 ,  DMG0L.1  =.?32E04,  DEL.DG1  =. OOOE+OO 
DMG2  =  .OOOE+OO,  DMG0L2  =. OOOE+OO,  DELDG2  =. OOOE+OO 


TABLE  3. 2. 2-5.  EXAMPLE  2,  METHOD  2,  RUN  3  INPUT  FILE 


l  i.nrtf'LL  KIIN  NO.  2  srr 
■024-13  SHEET 


ClhEN  SUBJECTED  10  KANDOrtlEt  D  LOADING  SPECIKUn 


2.2374L  0>  0.70 

110.00  36.0 

10.426  -.366 

0.-5  52  8.1  80 

O .  O000E  •  Ono . 7630E +  000 . 
0  .  OOOOC  i  000 . 00001  * 000  . 
0.27  70E  t  000 . 7320E-  040 . 


3.3386  6.2126E  9  0.00 

53.0  2.0  2.3 

0.887  10700.0  0.022 

0.188  0.188  .0000 

OOOOE  +  OOO . 2430E *  000 . OOOOL+OOO . 
OOOOE +000 . OOOOE  +  000 . OOOOE +000 . 
OOOOE  +  OOO . OOOOE  +000 . oOOGE  +  OOO . 


2.0 

10700.0 

0.188 


0.  108 

0. 

1250 

8.18 

9.82 

0.00000 

>.0000 

0. 

1  250 

0.00 

1.64 

0.00000 

•  .000 

0. 

0000 

S4 

1 

1 

1  100 

1030  1050 

* 

0 . 000 

0 

.000 

0.000 

0.000 

0.000 

1  ?0 . 0 

25.0 

6000. 

1 

2.9783 

0.99  -0.99 

1.000  1.0  1.0 

0.000  0.000  0.000 

6550E  t  020 . OOOOE • 000 . 5200E+0 0 
OOOOE+OOO . OOOOE+OOO . OOOOE+OO 
OOOOE+OO 

.00000  99.900  50.  1.00 
.00000  0.00000  .00000 


TABLE  3. 2. 2-6.  EXAMPLE  2,  METHOD  2,  RUN  3  OUTPUT  FILE 


*****  DETAILED  DAMAGE"  GROWTH  ANALYSTS  PROGRAM  1>  A  M  G  R  0  **»«* 


EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADIN'.  SPECTRUM 


*  THIS  ANALYSIS  RESTARTS  WITH  THE  STRESS  SPECTRUM  AT  STEP  34  * 


NO.  OP  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH  =  1 ; 

CRACK  GROWTH  «  1030; 


CRACK  INITIATION  =  1 

CRACK  INITIATION  =  1050 


LOAD  INTERACTION 


GENERALIZED  WILLENBORG  ET  AL— CHANG  MODEL 


MATERIAL  :  2024- T3  SHEET 

WALKER  EQ.  CONST.  <+R)  :  C  =  0.224E-08,  M 

WALKER  EQ.  CONST.  (-R)  :  C  =  0.621E-08,  M 

MAX.  K  FOR  DC/DN  THRESHOLD  =  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT-OFF  =  0.9900,  ~R  CUT-OFF  =  -0.9900 

YIELD  STRENGTH  :  53.000 

ELASTIC.  MODULUS  =  0.1070E+05 

PL.  STRESS  FRACT.  TOUGHNESS  -  11  A. 00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 


-0 . 700 , 

=0.000, 


N  =3.339 
N  =2.970 


DAMAGE  INDEX  EOR  CRACK  INITIATION 
NEUBER  MATERIAL  CONST.  =  0.022 
CRACK  INITIATION  EQ.  CONST.  :  SF 
STRESS  SEVERITY  FACTOR  PARAMETERS 
ALPHA  =  1.0000,  BETA  =  1.0000, 


10.426, 


SPECIFIED  DAMAGE.  CONDITIONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  : 
F  INAL  CRACK  DEPTH  OF  CRACK  NO.  2 


0.53200 
R  .  1  HO 00 
0.1 8H00 
0.10800 
0.00000 
0 . 00000 
0 . 00000 
0 . 00000 


PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY 


APAOl.  1 
AKOI  1 
APA0I..2 
AK  III  2 


. 1 22E-77. 
. OOOE +00, 
.0001.  *00, 
.OOOE  *  7+o, 


PARAMETERS  FROM  PREVIOUS  CRACK 


APC0L1  =  .7631  +00,  RYACIL 1  =  , 
CKOl  1  -•  .65'.  I  +02,  AOI  1  =  . 

APC0L2  =  .  OO+'E+OO ,  RYA0L2  =  , 
CKIII  3  -  .0001+00,  AOL  2  =  . 
OUS  CRACK  INITIATION  HISTORY 


OOOE  *  00 , 
OOOE +00, 
OOOE +00, 

oooi:  *oo, 


RYCOL 1 

coli 

RYCOL? 

COL? 


.  ?4  31  *  00 
.5201+00 
.  00(1.  *  uo 
.0001  too 


.  27  7Er  *  00  , 
.0001  +•><), 


DMGOI  1 
DMGOI? 


= . 732E- 04 , 
= . OOOE ♦ 00 , 


DE  I  DG 1 
DI  LDG  1 


TABLE  3. 2. 2-6.  EXAMPLE  2,  METHOD  2,  RUN  3  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE  : 

RADIUS  or  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  10  HOLE  DIAMETER ,  E/I) 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MU).  HOLE  AND  l.H.S.  EDGE  • 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT 
RADIUS  OF  THE:  R.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 
FRACTION  OE  LOAD  TRANSFER  BY  R.H.S.  HOLT 
RADIUS  OF  THE  L.H.S.  HOLE  . 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 


0 . 1 H800 

0 . 1 2500 
99.09999 

8.  115000 

9  .El  2000 

0.00000, 

0.00000 

0.00000 

0.00000 

0 . 00 000 , 

0 . 1 2500 

1  .  <44000 

0.00000 

0 . 00000 , 
50.0 

1  .00 
0.0000 
0.0000 

0.00000 

STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  EUR  ANALYSIS 
TOTAL  NO.  OF  CYCLES  II'  ONE  BLOCK  : 

TOTAL  NO.  01  FLIGHTS  IN  ONE.  BLOCK  : 

NO.  OF  BI.OCKS  IN  "ME  DESIGN  LIFETIME 
NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME 
MAXIMUM  PEAK  SI  IT  SS  OF  THE  SIF Cl  RUM 
NO.  Or  STRESS'  LAYERS  JN  ONE  BLOCK 


100 

V  4  1  /> .  500 

1 20 . moo 

25. 000 
6000.000 
35.  I'iO 
204 


86 


/v. v/v y',/. _ mV -*» -** -  * *> 


TABLE  3. 2. 2-6.  EXAMPLE  2,  METHOD  2,  RUN  3  OUTPUT  FILE  (CONCLUDED) 


X  «  *  X  W  •  * 

DAM 

A  G  E  G 

ROUT 

H  HIS 

TORY 

*»«<>** 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A 1 

A  2 

KMAX-A1 

KMAX  A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

0.0 

0.53200 

0 . 00000 

77.318 

0 . 000 

.OOOE+OO 

. OOOE • 00 

.281E+00 

. OOOE+OO 

0 . 1 0000 

0 . 00000 

0 . 000 

0 . 000 

. OOOE+OO 

.OOOE+OO 

.  546E+01 

.OOOE+OO 

CRACK  INITIATION  FOR  LOCATION  1  OCCURS'  AT  : 

cyc  28.000,  step  =  96,  block  =  i 

CRACK  LENGTHS  AT  THE:  TERMINATION  Of  CRACK  INITIATION  COMPUTATION 

Cl  -  1 .0441?,  At  *  0.18000,  C2  “  0,00000,  A2  4  0.00000 


RCTARDTTON  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

AI  A0L1  «  .  1 22E-77 ,  APC0L1  *  .129E+01,  RYA0L1  =  .OOOE+OO,  RYC0L1  =  .ES1E+00 

AK0L1  =  . OOOE  ’  00 ,  CK0L1  =  .666E+02,  A0L1  =  .OOOE+OO,  COl.1  =  .1C4E+01 

APA0L2  «  . OOOE+OO ,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC0L2  ~  .OOOE+OO 

AK0L2  «  . OOOE+OO ,  CK0L2  =  .OOOE+OO,  A0L2  =  .0001  too,  C0L2  »  .OOOE  +  OO 

RETARDATION  PARAMFTFRS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG1  =  .879E+00,  DMG0L1  =.780E~02,  DELDG1  *.574E- 02 
DMG2  «  .OOOE+OO,  DMG0L.2  =.  OOOE  i 00,  DEL0G2  -.OOOE+OO 


wnnnQHMLM-UJJ 


TABLE  3. 2. 2-7.  EXAMPLE  2,  METHOD  2,  RUN  4  INPUT  FILE 


EXAHn.i.  pun  no. 

•n j-»  rj  theft 

2.23741  09  0.70 

11  6 . 00  .<6  0 

10.426  -. 366 

1.044  8.100 

O.OOOOC  000 . 1 290E.  * u  1  0 
0 . OOOOK  +  OoO . OOOOE  * 000 
0.87V0C  muO.  78001  -O.'O 


SPECIMEN  SllEi.lt  C  TED  TO  RANDUMI7ED  LOADING  SPECTRUM 


1.  5.106  6.1*1 26F  9 
•'5.0  2.0 

0.807  10700.0 

0.180  0.188 

OOOOE* 000 . 2510b *000 . OOOOE 1 000 , 
OOOOE4GOO . OOoOE  4  000 . 0000E4000 . 
5  740E  -020 . OOOOE 1 000 . OOOOE  <  000  , 


O.oO 
2.. 5 
0.022 
.0500 


1 .0 

0.180 


o.  ieu 

0.  1250 

8.18 

V .  82 

0.00000 

i . 0000 

•  .000 

0.1250 

0.0000 

0.O0 

1  .  64 

0.00000 

V6 

2  0 

1  too 

1050 

0 . 000 

0.000 

0.000 

0.000 

0.000 

1  20 . 0 

25.0 

6000. 

1 

2.0  783 

0.00  -0.99 

1.000  1.0 

0.100  0.050 

OOOOE  *ouO . OoOOt  *  000 . OOOOE • 00 
OOOOE  4000 . OOOOE  4  000 . 0000E40O 
00001400 

.00000  99.900  50.  1.00 


.00000 


0.00000 


.00000 


0.000 


0.000 


0.000 


TABLE  3. 2. 2-8.  EXAMPLE  2,  METHOD  2,  RUN  4  OUTPUT  FILE 


*«»*«  DETAILED  DAMAGE  GROWTH  ANALYSIS'  PROGRAM  D  A  M  G  R  0  «»««* 


EXAMPLE  RUN  NO.  2  SPECIMEN  SUBJECTED  TO  RANDOMIZED  LOADING  SPECTRUM 


*  THIS  ANALYSIS  RESTARTS  WITH  THE  STRESS  SPECTRUM  AT  STEP  96  ** 


NO.  OF  STTES  TO  HE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK 

CRACK 


GROWTH 

GROWTH 


CRACK 

CRACK 


LOAD  INTERACTION 


1050; 

GENERALIZED  WILLENBORG  ET  AL ---CHANG  MODEL 


TNI r IATTON  - 
INITIATION  = 


0 

0 


MATERIAL  2024 -T 3  SHEET 

WALKER  EC!.  CONST.  OR)  C  =  0.224E- 
WALKER  EG' .  CONST.  < -  R )  :  C  =  0.621E 
MAX.  K  EOR  DC/ ON  THRESHOLD  =  2.000 
RETARDATION  SHUT-OFF  RATIO  -  2.30<i 
4R  CUT- OFF  -•  0.9900,  -R  CUT-OFF  =  -0.9900 


08, 

-08, 


M 

M 


=0.700, 

=0.000, 


N  =3.739 
N  =2. ”78 


53.000 
0. 1070E*05 
TOUGHNESS  = 
TOUGHNESS  = 


YIELD  STRENGTH  : 

ELASTIC  MODULUS 
PL.  STRESS  TRACT 
PL.  STRAIN  TRACT 
DAMAGE  INDEX  FOR  CRACK  INITIATION 
NEITHER  MATERIAL  CONST.  =  0.022 
CRACK  INITIATION  EC|.  CONST.  SF 
STRESS  SEVERITY  FACTOR  PARAMETERS 
ALPHA  ==  1.0000,  BETA  =  1.0000, 


116.00 

36.00 


0.M07 


10.426, 


.  366 


GAMMA  =  1.0000 


SPECIFIED  DAMAGE  CONDITIONS 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  2 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  2  . 
PARAMETERS  FROM  PREVIOUS  CRACK 
.  122E--77,  APCCH.1  = 
0OOE400,  CK0L1  = 
.000r.4<>0,  APC0L2  = 

.0001  i  '1(1,  CK0L2  = 

FROM  PFT  VTOIJS  CRACK 
,8  79r*0>i,  DMI.0L1 

*>(iO[  i  (,(1 ,  DM1. 01  • 


04400 
1  0000 
1  0800 
1  8800 
05-'00 
10000 
05000 
1UH00 


APA0L1  = 
AK0L1  =- 
APA0L2  = 
AKOI  2  ■= 
PAR AM I TL  RS 
DMG1  = 
lirtGZ  = 


GROUT H  HISTORY 
.1291*01,  RYA0I..1 
.6661  *02,  Ad  1 
.0001*00,  RYA0I.2 
..1001*  00,  ACII.  2 
INI  I  TATI  ON  HI  .’IORY 
.'O.'T  07,  Dili  1  -.5  741 

viol  i'K',  DE.l  It..’  -.OO'U 


0001*00, 
,.).\A(*00, 
0001  « 00 , 
oo*  t:  *  oo , 


RYCOi  1 
CPI  1 
RYCOI  7 
COL  2 


.  751 1  C'O 

.  10  41  *<M 
.  OO'T  MiO 
.0001  *  .>0 


•  f,n 


88 


.>  .  •  .  >  . 


*4VVin 


TABLE  3. 2. 2-8.  EXAMPLE  2,  METHOD  2,  RUN  4  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 


THICKNESS  OF  PLATE  : 

RADIUS  OF  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT  : 

0.18800 
0.12500 
99. 09997 

0 . 1 0000 
9.82000 

0  OOIW, 

0 . 00000 

RADIUS'  OF  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES  : 

FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT 

0.00000 

0.00000 

0.00000, 

0 . 00000 

RADIUS  OF  THE  L.H.S.  HOLE  : 

0.12500 

DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES  : 

FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 

1 .64000 
0.00000, 

0.00000 

PERCENTAGE  OF  COUNTERSINK  DEPTH  U.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS  : 

:  50.0 

1.00 

0.0000 

0.0000 

STRESS'  SPECTRUM 

NO.  Of  BLOCKS  SPECIFIED  FOR  ANALYSIS  : 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK 
TOTAL  NO.  OF  FLIGHTS  IN  ONE  BI.OCK  : 

NO.  Or  BLOCKS  IN  ONE  DESIGN  LIFETIME  : 

NO.  or  FLIGHT  HOURS  IN  ONE  DESIGN  l  TFETIMF. 

MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM  • 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK 

UNSTABLE  BREAK-THROUGH  OF  CRACK  NO.  2  OCCURS  AT 

CYC  =  O.O,  STEP  -=  96,  BLOCK  -  1,  DEPTH  =  0. 050*0,  AKMAXS-  75.65 


1  00 

7<!  i  A. •50* 
1 20 . 000 
.'5.000 
60 >0.000 
35.750 
204 


TABLE  3. 2. 2-8.  EXAMPLE  2,  METHOO  2,  RUN  4  OUTPUT  FILE  (CONCLUDED) 


»*»»*»» 

DAM 

AGE  G  R  0  W  T 

H  HIST 

0  R  Y 

•**K*«« 

BLOCK  Cl 

C2 

KMAX-C1  KMAX-C2 

DC1 /BF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1  KMAX-A2 

DAI /DF 

DA2/PF 

KN1 

KN2 

0.0  1.04400 

0.05000 

03.509  60.363 

. OOOE+OO 

OOOE+OO 

•P79E+00 

. OOOE  *  00 

0.10800 

0.05000 

0.000  75.652 

. OOOE  +  OO  . 

OOOE+OO 

.OOOE+OO 

.OOOE+OO 

UNSTABLE  GROUTH 

OE  CRACK 

NO.  2  OCCURS  AT; 

CYC  -  1.0 

,  STEP  - 

1  ,  BLOCK  =  2, 

CRACK  LENGTH  =1.42 

785,  CKMAXS=1 16.00 

1  HE  OTHFR  CRACK 

LENGTH  = 

2.22758 

TERMINATE  DAMAGE  COMPUTATION 

1.0  2.20552 

1 . 22989 

112.207  113.402 

.  968E--02  . 

983E- 02 

. 879E+00 

.OOOE+OO 

0.18800 

0.18800 

0.000  0.000 

. OOOE+OO  . 

1 15E- 02 

.OOOE+OO 

.OOOE+OO 

RETARDTION 

PARAMETERS  AT  THE  TERMINATION  OF  CRACK 

GROWTH  COMPUTATION 

AF'AOLI  = 

.  122E-77, 

APC0L1  =  . 286E+01 

,  RYA0L1  = 

.OOOE+OO, 

RYC0L1  = 

. A34E+ 00 

AK0L1  = 

.  OOOE+OO, 

CK0L1  =  . 1 06E+03 

,  API  1  = 

.0001+00, 

C0L1  = 

. 223E+01 

APA0L2  = 

. OOOE  +  OO , 

APC0L2  =-  .  209E+01 

,  KYA0L2  = 

. oooi + 00 , 

RYC0I.2  = 

. 672E+00 

AK0L2  = 

.0001  «00, 

CK0L2  =  .  IO'  E+03 

,  A0L2  = 

. OOOF • 00 , 

COL  2  - 

.  1  4 1  E  +  0 1 

RETARDATION 

PARAMETERS  AT  THE  t CRM I NAT ION  OF  CRACK  INITIATION  COMPUTATION 

DMG1  - 

.  879E+00, 

DMGOl.1  =.  7U0E-02, 

DELDG1  =. 

5  74E  <-2 

DMG2  « 

.  OOOE+OO , 

PMG0L2  =  .  OOOE  +  OO, 

DELDG2  =. 

OOOE+OO 

EXAMPLE  3 


STRIKER  SECTION  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADINB 


GEOMETRY: 


MATERIAL: 

2024-T351  EXTRUSION 

LOADING  SPECTRUM: 

CONSTANT  AMPLITUDE 

°mx  «  17.0  KSI 
G  rain  *  1 -70  KSI 


REF.  PAGES  92  THROUGH  107 


TABLE  3.3.1.  EXAMPLE  3,  METHOD  1  SUMMARY  TABLE 


REF.  PAGES  93  THROUGH  99 


a2  i  flj  I  a 4 


al 

°  2 

°3 

°4 

(INI 

UM1 

ONi 

(IN) 

.050 

0 

0 

0 

.056 

0 

0 

0 

.066 

0 

0 

0 

.080 

0 

0 

0 

.101 

0 

0 

0 

.131 

0 

0 

0 

.181 

0 

0 

0 

.248 

0 

0 

0 

.336 

0 

0 

0 

.447 

0 

0 

0 

.567 

0 

0 

0 

.700 

0 

0 

0 

.873 

0 

.265 

0 

1.089 

1.396 

0 

0 

.304 

0 

0 

LIFE 

ROUTINE 

RUN 

(CYCLES) 

GROWTH 

NO. 

0 

2020 

1 

2020 

2020 

1 

4000 

2020 

1 

6000 

2020 

1 

8000 

2020 

1 

10000 

2020 

1 

12000 

2020 

1 

14000 

2020 

1 

.  16000 

2020 

1 

18000 

2020 

1 

20000 

2020 

1 

22000 

2020 

1 

23878 

2050 

2 

25878 

2050 

2 

26739 

2050 

2 

NO.  OF  CYCLES  TO  FAILURE  =  26,739  CYCLES 


'  I  .  TVT 


mupww/j ^I’jw.viwwwwwwwwtw  *  if  11  *  ^ fjf.w 1  Ti5  .n  &  i-nr*  r^r  *  g»  V  ".  T> T?TTT 


i  - 


TABLE  3. 3. 1-1.  EXAMPLE  3,  METHOD  1,  RUN  1  INPUT  FILE 

fXAMI’l  l  Nil.  3  SIRINCER  SF'UCIMPN  SUBJt  CTl  D  10  CONSTANT  AML  I  HIDE  LOADING 
2024-T351  rxiRUSlON 

0.1300E  09  0.65  4.554  0.230E-08  1.00  3.115 

58.00  33.0  53.3  2.0  2.3  0.99  -0.99 

10.4230  -.3660  0.872  10700.0  0.022  1.0  1.0  1.0 

.050  1.390  0.050  0.188  0.000  0.000  0.000  0.000 

0. OOOOE+OOO .  OOOOE +000  .  OOOOE+OOO .  OOOOE  +000 .  OOOOE  +  OOO .  OOOOE+OOO .  OOOOE+OOO .  OOOOE  +00 
0 . OOOOE -000 . OOOOE  +000 . OOOOE  +  OOO .OOOOE  +  OOO. OOOOE ♦ 000 .OOOOE  +000 . OOOOE+OOO . OOOOE +00 
0 . OOOOE  +000 . OOOOE+OOO . OOOOE  +000 . OOOOE -  000 . OOOOE  +  OOO . OOOOE+OO 


0.188 

0.1250 

2.14  01500 

0.00000 

0 . 00000 

99.9999  0.0  1.00 

0.1250 

0 . 0000 

-1.340  0.000 

0.000 

0.000 

0.000  .00000 

0.000 

0 . 0000 

0  00 

1  0 

0  100  2010  0000 

• 

1 .223 

1.414 

0.432  1.000 

0.2658 

.0000 

0.0000  0.000 

000.0 

00.0 

00000.  1 

TABLE  3. 3. 1-2.  EXAMPLE  3,  METHOD  1,  RUN  1  OUTPUT  FILE 


»«««  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  «*#«« 

EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING 
*  THIS  ANALYSIS  STARTS  AT  THE  HI  GINNING  OE  THE  STRESS  SPECTRUM  » 


NO.  OE  SITES  TO  BE  ANALYZED 
CORRESPONDING  DAMAGE  CODES 


CRACK  GROWTH  = 
CRACK  GROWTH  = 


JOIOi 


CRACK  INITIATION 
CRACK  INITIATION 


0 

0 


LOAD  INTERACTION 


NONE 


MATERIAL  2024-T351  EXTRUSION 

WALKER  EQ.  CONST.  <+R)  :  C  -  0.160E-09,  M 
WALKER  EQ.  CONST.  <-R>  :  C  =  0.230F-08,  M 
MAX.  K  EOR  DC/DN  THRESHOLD  =  2.000 
RETARDATION  SHUT -OFT  RATIO  =  2.300 
+R  CUT-OFF  =  0.9700,  -R  CUT  OF E  -  0.9900 

YIELD  STRENGTH  :  53.300 

ELASTIC  MODULUS  =  0.I070E+A5 
PL.  STRESS  TRACT.  TOUGHNESS  =  50.00 

PL.  STRAIN  FRACT.  TOUGHNESS  =  36.00 
DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.072 

NEIJBER  MATERIAL  CONST.  =  0.022 
CRACK  INITIATION  EQ.  CONST.  SI  =  10.426, 
STRESS  SEVERITY  FACTOR  PARAMETERS 
ALPHA  =  1.0000,  BETA  =  1.0000, 


=0.650, 

=1 .000, 


N  =4.554 
N  =3.115 


GAMMA  =  1.0000 


>66 


SPECIrIED  DAMAGF  CONDITIONS 

INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  Of  CRACK  NO. 
FI MAI  CRACK  DEPTH  OF  CRACK  NO.  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO . 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2 
INITIAL  CRACK  DEPTH  OF  CRACK  NO. 
FINAL  CRACK  DEPTH  OF  (PACK  NO.  2 
PARAMETERS  FROM  PREVIOUS  CRACK 
.OOOE+OO,  ARCOI  1 
.0001  +00,  CK0I.1  = 

.  OOOF  (  00  ,  Apmi  2  - 
.(loot  100,  i.  MU  2 
TROM  PREVIOUS  (  RACK 
.OOOfiOO,  DMGOI  1  -. 


05000 
1900(> 
05000 
1  8800 
0000(5 
A  AO  AO 
OO00O 
00000 


AF'AOLI 
AK0L1 
ALA0I.2 
AK0I.2 
PARAMf 1 LRS 
I’MGI 
DMG2 


GROWTH  IIISIARY 

.0001  *00,  RYAOl  1  . OOOF  * 00 ,  RYCOL 1 

.  ui.OE  +  00,  A0L1  =  .0001*00,  (  01.1 

.OOOF  *00,  RYA0L2  =  .'.  OOF  +  OO,  RYCOL 2 
.(...<>1+00,  A(>l  2  “  .0<vi|  *00,  (  012 

INI T  TATI ON  HISTORY 
o<><.|  *00,  Pfc  l  "Gl  ",  toor 


.  (■>.  .Ilf  *  >10 

.  <V"'I  *1.0 

too 

.(V..>l  <  on 


.0O.i|  *O0,  DMGOI 


.  <>(».  ,|  |nf>, 


Dl  I  LG  2 


.  O'. 


i  oo 

I  0(1 


TABLE  3. 3. 1-2.  EXAMPLE  3,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE 
RADIUS  OF  MID.  HOLE 

RATIO  OF  PLATE  LENGTH  TO  HOI  E  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  BY  MID.  BOLT 
RADIUS  OF  THE  R.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AND  R.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT 
RADIUS  OF  THE  L.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFER  BY  L.H.S.  BOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  ; 
FASTENER  HEAD  OR  COLLAR  TRICTION  STRESS  : 

FAYING  SURFACE  FRICTION  STRESS 

USER  DEFINED  VARIABLES  : 

VARIABLE  1  :  1.2060 

VARIABLE  2  ■  1.4140 

VARIABLE  3  0.4620 

VARIABLE  4  :  1.0000 

VARIABLE  5  :  0.2650 

VARIABLE  6  0.0000 

VARIABLE  7  .  0.0000 

VARIABLE  8  0.0000 

STRESS  SPECTRUM 

NO.  OF  BLOCKS  SPECIFIED  FOR  ANALYSIS  : 

TOTAL  NO.  OF  CYCLES  IN  ONE  BLOCK 
TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  : 

NO.  OF  BLOCKS  TN  ONE  DESIGN  LIFETIME 
NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME 
MAXIMUM  PEAK  STRESS  OF  THE  SPECTRUM 
NO.  nr  STRESS  LAYERS  IN  ONE  BLOCK 


0.18800 
0.12500 
99.99989 
2.14000 
0.50000 
0 . 00000 , 
0.12500 
1  . 64000 
0.00000, 
0.00000 
0.00000 
0.00000, 
0.0 
1  .  ©A 
0.0000 
0.0000 


0.00000 


0.00000 


0.00000 


100 

2000.000 
0.000 
0 . 000 
0.000 
1 7. 000 


STRESS  LAYERS  IN  ONE  BLOCK 

STEP  SIGMA  MAX  SIGMA-MTN  CYCLES 
1  17.000  1.700  1000.000 


STEP  SIGMA  MAX 
2  17.000 


SIGMA-MTN  CYCl.t 
1.700  lOOO.Ov 


U  A'  f-J 


ikwm.  mwmw  »j.  p.y  .*n»twm,w>iwv»y  *i  ■  l'p  i^wwwuw 


TABLE  3. 3. 1-2.  EXAMPLE  3,  METHOD  1,  RUN  1  OUTPUT  FILE  (CON'T.) 


#**#*#» 

DAM 

AGE  G 

ROUT 

X 

X 

9*3 

TORY 

**»  «  «** 

BLOCK 

Cl 

C2 

KMAX -Cl 

KMAX -C2 

DC1/DE 

I  :2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX -A1 

KMAX-A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

0.0 

0.05000 

0.00000 

8.892 

0.000 

. 0OOE+OO 

. 000E  +  00 

.OOOEtOO 

.OOOC+OO 

0.05000 

0.00000 

11.144 

0.000 

. OOOE+OO 

. OOOE*  00 

.OOOE+OO 

.OOOE+OO 

1  .0 

0.05629 

0.00000 

9 . 9rt'-' 

0 . 000 

.  3 1 5E--05 

.OOOEtOO 

.OOOE+OO 

.OOOE+OO 

0.06504 

0.00000 

1 1 .627 

0.000 

. 752E-05 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

2.0 

0.0661 1 

0.00000 

1 0 . 802 

0.000 

.491E-05 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.08344 

0.00000 

12.1 71 

0.000 

. 920E-05 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

3.0 

0.08041 

0.00000 

1 1 .684 

0.000 

. 71 5E-05 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.10629 

0.00000 

12.774 

0.000 

.  1  1  4E--04 

.OOOE  *00 

.OOOE+OO 

.OOOE+OO 

4.0 

0.10084 

0.00000 

12.647 

0.000 

.102E-04 

.OOOEtOO 

.OOOE+OO 

.OAOC+OO 

0.13484 

0.00000 

13.415 

0.000 

. 1 43E-04 

•OOOE+OO 

•OOOE+OO 

•OOOE+OO 

STABLE 

BREAK-THROUGH  OF 

CRACK  NO. 

1  OCCURS 

AT  : 

CYC=  887.0 

,  STEP 

”  1  . 

BLOCK  = 

6,  CRACK  DEPTH  = 

0.10911 

CRACK 

DEPTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

5.0 

0.13082 

0.00000 

13.827 

0.000 

. 1 50E-04 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.17055 

0 . 00000 

14.088 

0.000 

. 179E-04 

. ooor i oo 

.OOOE+OO 

.OOOF+OO 

A .  0 

0.18029 

0.00000 

15.384 

0.000 

. 247E- 04 

.ooor  >00 

.OOOE+OO 

.OOOE+OO 

0. 1 8800 

0.00000 

0.000 

0.000 

. 873E-05 

.  0001  >00 

.OOOE+OO 

.OOOE+OO 

7.0 

0.24819 

0.00000 

16.248 

0.000 

.340E-04 

.0001  +00 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

. OOOE+OO 

•OOOE+OO 

.  OOOE+OO 

.OOOE+OO 

8.0 

0.33618 

0.00000 

17.216 

0.000 

. 440E-04 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

9.0 

0.44788 

0.00000 

17.947 

0.000 

. 558E-04 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.  •"'O0E  +  00 

.OOOE+OO 

.OOOE+OO 

10.0 

0.56758 

0.00000 

17.771 

0 . 000 

•599E- 04 

.OOOE+OO 

.OOOE +00 

.OOOEt<>0 

0.18800 

0.00000 

0.000 

0.000 

.OOOE+OO 

.oOOF+OO 

. OOOE +00 

.OOOE+OO 

11  .0 

0.7001 1 

0.00000 

18.917 

0.000 

. 663E-04 

.OOOE+OO 

. OOOE  +  00 

.OOOE+OO 

0.18800 

0.00000 

0 . 000 

0.000 

•OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.  OOOE  *  00 

TABLE  3. 3. 1-2.  EXAMPLE  3,  METHOD  1,  RUN  1  OUTPUT  FILE  (CONCLUDED) 


CRACK  NO.  1  EXCEEDS  APPLICABLE  RANGE  OF  SUBROUTINE  K2010  AT 
CYC  =  878.0,  STEP  =  2,  BLOCK  =  12 

CHANGE  TO  K2050  OR  K2060.  TERMINATE  COMPUTION 

CRACK  LENGTHS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION  . 
Cl  =  0.87354,  A1  =  0.18800,  C2  =  0.00000,  A2  =  0.00000 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROUTH  COMPUTATION 

APA0L1  =  . OOOE+OO,  APC0L1  =  .OOOE+OO,  RYA0L1  =  .OOOE+OO,  RYC0L1  =  .000E*00 

AK0L1  =  .OOOE+OO,  CK0L1  -  .OOOE+OO,  A0L1  =  .OOOE+OO,  COM  =  .0001*00 

APA0L2  =  .OOOE+OO,  APC0L2  =  .OOOE+OO,  RYA0L2  =  .OOOE+OO,  RYC01.2  =  .OOOE+OO 

AKOl.2  =  .OOOE+OO,  CK0L2  -  .OOOE+OO,  A0L2  =  .OOOE+OO,  C0L2  =  .OOOE+OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION 
DMG 1  =  .OOOE+OO,  DMG0L1  =. OOOE+OO,  DELDG1  = . OOOE+OO 
DMG2  =  .OOOE+OO,  DMG0L2  =.000E*00,  DELDG2  =. OOOE+OO 


TABLE  3. 3. 1-3.  EXAMPLE  3,  METHOD  1 ,  RUN  2  INPUT  FILE 


EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSIANT  AMLITUDE  LOADING 
2024-T351  EXTRUSION 

0 . 1 600E -09  0.65  4.554  0.230E-08 

50.00  36.0  53.3  2.0 

1 0 . 4260  -.3660  0.07?  10700.0 

.866  1.390  0.1  HO  0.180 


1  .00 
2.3 
0.022 
0.265 


3.115 
0.99 
1  .0 
2.250 


-0.99 
1  .0 
0 . 1  80 


1  .0 
0. 188 


0 . OOoOE  *000 . OOOOt  *000 . OOOOE  *000 . OOOOE  *000 . OOOOE+OOO . OOOOE  *000 . OOOOE  *000 . OOOOE+OO 
0 .OOOOE- 000 . OOOOE+OOO . OOOOE+OOO .OOOOE *000 . OOOOE+OOO.OOOOE+OOO . OOOOE+OOO . OOOOE+OO 


0 . OOOOE  *000 . OOOOE  +  OOO . OOOOE+OOO . OOOOE-OOO . OOOOE  *000 . OOOOE  *  00 


0.180 

0.1250 

2.14 

0.500 

0.00000 

0.00000 

99.9999 

0.0  1.00 

0.1250 

0.000 

0  00 

0.0000 

0.0000 

2  0 

1.640  0.000 

0  100  2050  0000 

0.000 

0.000 

0.000 

.00000 

2 . 256 
000.0 

0.000 

00.0 

0.581 

00000. 

0.416 

1 

0.289 

.0000 

0.1880 

0.000 

TABLE  3. 3. 1-4. 


EXAMPLE  3,  METHOD  1 ,  RUN  2  OUTPUT  FILE 


*****  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  «»**» 


EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING 
*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 


NO.  OF  SITES  TO  BE  ANALYZED  :  CRACK  GROWTH 

CORRESPONDING  DAMAGE  CODES  :  C‘f  ACK  GROWTH 

LOAD  INTERACTION  :  NONE 


2,  CRACK  INITIATION 
2050;  CRACK  INITIATION 


MATERIAL  2024- T351  EXTRUSION 

WALKER  EQ.  CONST.  (+R)  ;  C  -  0.160E  09,  M 

WALKER  EQ.  CONST.  <-R>  C  =  0.230E-08,  M 

MAX.  K  FOR  DC/DN  THRESHOLD  2.000 

RETARDATION  SHUT-OFF  RATIO  =  2.300 

+R  CUT  OFF  -  0.9900,  -R  CUT  OFF  -  -0.9900 

YIELD  STRENGTH  53.300 

ELASTIC  MODULUS  =  0.10701*05 

PL.  STRESS  TRACT.  TOUGHNI SS  =  58.00 

PL.  STRAIN  TRACT .  TOUGHNESS  =  36.00 

DAMAGE  INDEX  f OR  CRACK  INITIATION  =  0.072 

NEUBER  MATERIAI  CONST.  =  0.022 

CRACK  INITIATION  EQ.  CONST.  :  SF  =  10.426, 

STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  -  1.0000,  GAMMA  =  1 


“0 . 650 ,  N 
=1.000,  N 


M  -=-.366 
0000 


=4.554 

=3.115 


0 

0 


SPECIFIED  DAMAGE  CONDITIONS 

INITIAL.  CRACK  LENGTH  OF  CLACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  OF  CRACK  Nu . 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO. 
FINAL  CRACK  LENGTH  OF  CRACK  NO.  2 
INITIAL  CRACK  DEPTH  OF  CRACK  NO. 
FINAL  CRACK  DEPTH  OF  CRACK  NO.  2 
PARAMETERS  FROM  PREVIOUS  CRACK 
APA0L1  =  . 00"E  *  00 ,  APCOI  1  = 
AK0L1  =  . OOOE  +00 ,  CK0L1  = 
APA0I.2  -  .0001*00,  APCOL  ’  • 
AK0L2  =  . OOOE *  00 ,  CK0L2  - 
PARAMETERS  FROM  PRf  VIOUS  CRACK 
DMG 1  -  .  OOOF  *  o-i ,  DMGU;  1 
DMG2  .0001  to..,  DMCfO:  ' 


1  O . 06600 
1 . 39000 

1  0.10800 

0.1 8800 

2  0 . 26500 
2.25000 

2  0.1 8000 

2  0.1 8800 

GROWTH  HISTORY 
OOOE  *  00 ,  RYAOll  +  .OOOE *00, 
AOOF.  +  OO,  A0L.1  -  .0001*0", 

".Hit  too,  RYU II  2  .OOOE *00, 
••OOF  +00,  A8I.2  ■-  .0001*0(1, 

I N 1 1  I A  I r  ON  HISTORY  : 

-= .  OOOF  •  00 ,  DEI  PCI  .  ooof  +  00 

-.oi.if  i(i.i,  or  l  ..hi..|  in.i 


RYCOl. 

COL. 
F?  >  till 
COL 


.ooop  *00 

.OOiil  •  no 
.»(.('■(  *00 
.  0*,)(<f  *  00 


97 


rj*-  "y  ~.w  'J*  T“  -.•v- 


TABLE  3. 3. 1-4.  EXAMPLE  3,  METHOD  1 ,  RUN  2  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE  : 

RADIUS  Of  MID.  HOLE 

ratio  of  rlate  length  to  hole  diameter,  e/d 

DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE 
DISTANCE  HETWT  FN  MID.  HOLE  AND  L.H.S.  EDGE 

fraction  or  toad  transfer  by  mid.  doit 

RADIUS  or  THE  R.H.S.  HOI  E  • 

DISTANCE  HE TUI  EN  MID.  AND  R.H.S.  HOLES 
FRACTION  or  LOAD  TRANSFER  BY  R.H.S.  BOl T  : 
RADIUS  or  THF  L.H.S.  HOLE 
DISTANCE  BETWEEN  MID.  AND  L.H.S.  HOLES 
FRACTION  nr  LOAD  TRANSFER  PY  L.H.S.  DOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS 
FAYING  SORT  ACT  FRICTION  STRESS 


0 . 1  8800 
0 . 1  230>j 
99 . 99000 
2.  1  4000 
0.50000 
0 . 00000 , 
0 . 1  2500 
1 .64000 
0.00000, 
A.  000"0 
0 . 00000 
0.00000, 
0.0 
1  .00 
0.0000 
0.0000 


0.00000 


0 . 00000 


0.00000 


USER  DEFINED  VARIABLES  : 

VARIABLE  1  2. 2500 
VARIABLE  2  0.0000 
VARIABLE  T  0.511(0 
VARIABLE  4  0.41  AO 
VAR)  ABIE  *>  0.2800 
VARIABLE  6  0.000" 
VARIABLE  7  0.1980 
VARIABLE  P  0.0000 


SS  SPECTRUM 

Nil.  OF  MUCKS  SrtCIFMD  FOR  ANALYSIS 
Tl'IAl  NO.  or  CYCI  F IN  ONF  BLFHK  . 

'  AL  NO.  Of  f  LIGHTS  TN  (INI  Tt|  -UK 
NO.  or  MOCKS  IN  ONE  DESIGN  I  III  TIME 
NO.  or  FLIGHT  HOURS  IN  ONI  DISIGN  LIT  [.TIME. 
MAyiMIIM  IFAK  ."  TRT  SS  NT  THE  SRI  r  1RIIM 

nii.  or  srprss  iayirs  in  on'  mock 


100 

r’ooo .  ooo 
o .  ooo 
o.ooo 
o .  ooo 

17.0'  '0 


TABLE  3. 3. 1-4.  EXAMPLE  3,  METHOD  1,  RUN  2  OUTPUT  FILE  (CONCLUDED) 


**«»*»«  DAMAGE  GROWTH  HISTORY  *"**««* 

BLOCK  Cl  C2  KMAX-C1  KMAX  C2  DC 1 /Dl  DC 2/ OF  INJTIA1  INITT 

A1  A?  KMAX-A1  K MAX  A2  DAI /DF  DA2/DF  KN1  K N 

0.0  0.S!U»AO0  0.2*500  19.252  13.435  .OOOE+OO  OOOE+OO  .•'••"+OF  +  00  .0001  *00 

0.18000  0.18800  0.000  0.000  .OOOE+OO  .OOOE+OO  ..OOE+OO  .0001*00 

UNSTABLE  GROWTH  OF  CRACK  NO.  1  OCCURS  AT 

CYC  -  861.0,  STEP  =  1,  BLOCK  =  2,  CRACK  LENGTH  =  1.39664,  CK  MAYS’-  ."0.3' 

THE  OTHER  CRACK  LENGTH  -■  0.30423 
TERMINATE  DAMAGE  COMPUTATION 

1.0  1.08907  0.30423  22.419  14.870  . 112E-03  . 1 96F.  -«4  .OOOE+OO  .OOOE  +  OO 

0.18800  0.18800  0.000  0.000  .OOOE+OO  .OOOE+OO  .OOOE+OO  .OOOE+OO 


KL  TAPDTTCIN  PARAMETERS  AT  THE  TERMINATION  Of  CRACK  GROWTH  COMPUTATION 

A  f' AO  LI  -  .OOOE+OO,  APC0L1  '  .OOOE+OO,  RYAOl.  1  *  .OOOE+OO,  RYC0I.1  =  .OOOE+OO 

AK0L1  »  .OOOE  +  OO,  CK0L1  *  .OOOE+OO,  A0L1  =  .©OOF *00,  COL  1  =  .OOOt  +00 

APA0L2  -  .OOOE+OO,  AFC8L2  *  .000E*00,  RYAOL?  »■  .0001'  +00,  RYCOL 1  .0*-0r  *  •'••' 

,TKI)L2  '  .OOOE  +  OO,  CK0L2  =  .OOOE+OO,  AOI.  2  r  .0001*00,  COL?  -  . •'"'<"’1  *00 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OE  CRACK  TN  t  T  TAT  ION  COMPI  IT  A  1  I  UN 
DMG 1  =  .OOOE+OO,  DMGOl.1  -.000E.  +  00,  DEL  DG 1  -’.OOOfiOO 
PMG2  -  .0001 ' On,  DMG0L2  -.OOOE+OO,  DELDG >  -.OOOE+OO 


99 


<i  a 


jTVPJV,^P 


TABLE  3.3.2.  EXAMPLE  3,  METHOD  2  SUMMARY  TABLE 

(REF.  PAGES  101  THROUGH  107) 


03 


a  a 

1  2 

mi  mi 


a,  a 

3  4  LIFE  ROUTINES  RUN 

mi  mi  (CYCLES)  GROWTH  INITIATION  NO. 


.050 

0 

0 

0 

.056 

0 

0 

0 

.066 

0 

0 

0 

.080 

0 

0 

0 

.101 

0 

0 

0 

.131 

0 

0 

0 

.181 

0 

0 

0 

.248 

0 

0 

0 

.336 

0 

0 

0 

.447 

0 

0 

0 

.567 

0 

0 

0 

0 

0 

0 

.873 

0 

.265 

0 

1 .089 
1.396 

0 

0 

.304 

0 

0 

0 

2020 

1010 

1 

2020 

2020 

1010 

1 

4000 

2020 

1010 

1 

6000 

2020 

1010 

1 

8000 

2020 

1010 

1 

10000 

2020 

1010 

1 

12000 

2020 

1010 

1 

14000 

2020 

1010 

1 

16000 

2020 

1010 

1 

18000 

2020 

1010 

1 

20000 

2020 

1010 

1 

22000 

2020 

1010 

1 

23878 

2050 

1010 

2 

25878 

2050 

1010 

2 

26739 

2050 

1010 

2 

NO.  OF  CYCLES  TO  FAILURE  =  26,739  CYCLES 


00 


TABLE  3. 3. 2-1.  EXAMPLE  3,  METHOD  2,  RUN  1  INPUT  FILE 


I  XAM'Lt  NU.  3  STRINGER  SHlidlN  .s'llH.Il  C I LD  HI  CONSIArll  Aril  ITUDt  lOAOINU 
2024-1351  EXTRUSION 

0.1600E  09  0.65  A. 554  O.23OE-0U  1.00  3.115 

58.00  36.0  53.3  2.0  2.3  0.99  -0.99 

10.4260  -.3660  0.072  10700.0  0.022  1.0  1.0  1.0 

.050  1.390  0.050  0.138  0.000  0.000  0.000  0.000 

»>  -  OOOOE  frOOO .  OOOOt  *  000 .  OOOOE + 000 .  OOOOE+OOO .  OOOOE  +  O00 . 00- »ot  1-000 .  OOOOE+OOO  .  OOOOE+OO 
0 . OOOOE - 000 . OOOOE  f 000 . OOOOE+OOO . 0000E  +  00O . OOOoE  +  UOO . OOOOE  +  OOO . OOOOE  +000 . OOOOE  +  OO 
0  .  OOOOE+OOO . OOOOE 1 000 . OOOOE+OOO . OOOOE  000 . OOOOL  1 000 . OOOOE+OO 

0.188  0.1250  2.14  0.500  0.00000  0.00000  99.9999  0.0  1.00 

0.1250  0.0000  1.640  0.000  0.000  0.000  0.000  .00000 

0.000  0.0000 

0  00  1  2  0  100  2010  1010 

1.226  1.414  0.462  1.000  0.2658  .0000  0.000  0.000 

000.0  00.0  00000.  1 


TABLE  3. 3. 2-2.  EXAMPLE  3,  METHOD  2,  RUN  1  OUTPUT  FILE 


*«»*«  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  **«»» 

EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING 

x  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 

NO.  OF  SITES  TO  BF  ANALYZED  CRACK  GROWTH  *  1,  CRACK  INITIATION  » 

CORRESPONDING  DAMAGE  CODES  CRACK  GROWTH  =  2010,  CRACK  INITIATION  »  101 

LOAD  INTERACTION  NONE 


MATERIAL  :  2024  T351  EXTRUSION 

WALKER  EQ.  CONST.  <+R>  C  ~  0.160E-09,  M  -0.A50,  N  -4.554 

WALKER  EQ.  CONST.  ( -R)  :  C  =  0.230E-08,  M  +=1.000,  N  -3.115 

MAX.  K  TOR  PC/DN  THRESHOLD  =  2.000 

RETARDATION  SIIHT-OFF  RATIO  =  2.300 

+R  CUT -OFT  =  0.9900,  R  CUT-OFF  =  -0.9900 

YIELD  STRENGTH  53.300 

ELASTIC  MODULUS  =  0.1070E»05 

PL.  STRESS  ERAi  T.  TOUGHNESS  -  50.00 

PL.  STRAIN  TRACT.  TOUGHNI  SS  -  3/.. 00 

DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.872 

NEUPER  MATFRTAI  CONST.  =  O  022 


CRACK  INITIATION  EQ.  CONST.  SI  -  10.426,  M  -+  . 
STRESS  SEVERITY  FACTOR  PARAMETERS 

ALPHA  =  1.0000,  BETA  -  1.0000,  GAMMA  =  1 .0000 


j PEC IT  I ED  DAMAGE  CONDITIONS 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  1 
FINAL  CRACK  LENGTH  or  CRACK  NO.  1 
INITIAL  CRACK  DEPTH  OF  CRACK  NO.  1  : 

FINAL  CRACK  DEPTH  OF  CRA1  K  NO.  1 
INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2 
FINAL  CRACK  LENGTH  OF  CRACK  Nil.  2 
INITIAL  CRACK  PI  PTH  OF  TRACK  NO.  2 
FINAL  CRACK  DEPTH  Of  CRAM  Mo.  3 
PARAMETERS  FROM  F  REV I OIJS  CRACK  GROWTH  111 
APAOI  1  --  .0001+00,  AF-nil  1  .  .)00F  i»0, 

AKOI  1  -  .OOOF  +OO,  CKOI  t  -  )0Ot  1 00, 

APAOI. 2  -  .  OOOE  i  00,  APCU!  2  -=  ..3001  **'0, 

AK0L2  -  . OOAf  i no ,  CK'*i  ivior  ioo. 


.•>00F  mo, 
>0<>t  i  00, 
.  ,1001  ‘  "0  , 
00(11  >  00  , 


0 . 05000 
1  .  ,19000 
0. 05000 
0. 18110.' 
0 . 000(00 
0  .  OO'I.'O 
0 . 000(10 
0  .  OOHOi* 
STORY 
R  (AiM  1 
ACM  1 
RYA0L2 
AUI 


.(>001  1 .  *0  , 
.  OOOE  I  '  0 , 
.  OOOE  i  i>o  , 
.  .00(1 


’  ARAMF  IFRS  FROM  PRrVTDIIS  (RACK 


('■'Of  ;  t  ,.o  ( 

iE  *00, 


FNI  I  FATTON  III  '-  TORY 

.mil  100,  M  |  |i|,  1  •  .( 

»0f  i  o,i ,  PEI  (.i.  '  - . 


SS 11 


i-  vcni  i 

i  01  1 
RY CHI  2 
i  III  2 


.  00<>l 
.('■  I 

.  0"-'i 

.  (',... I 


r-4  o 


TABLE  3. 3. 2-2.  EXAMPLE  3,  METHOD  2,  RUN  1  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 

THICKNESS  OF  PLATE 
RADIUS  OF  MID.  HOLE 

RATIO  OF  PLATE  LENGTH  TO  HOLE  D I AMETER ,  F /D 
DISTANCE  PETUEEN  MID.  HOLE  AND  R.H.S.  EDGE 
DISTANCE  PETUEEN  MID.  HOLE  AND  L.H.S.  EDGE  : 
FRACTION  OF  LOAD  TRANSFER  PY  MID.  BUI  T 
RADIUS  OF  THE  R.H.S.  HOLE 
DISTANCE  BETWEEN  MID,  AND  R.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFER  PY  R.H.S.  POLT  ; 
RADIUS  or  THE  L.II.S.  HOLE 
DISTANCE  PETUEEN  MID.  AND  L.H.S.  HOLES 
FRACTION  OF  LOAD  TRANSFIR  PY  L.H.S.  DOLT  : 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFLECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS 
FAYING  SURFACE  FRICTION  STRESS 


0.18000 
0 . 1 2500 
99. 9998*7 
?  1 4000 
0  -  50000 

0 . ooooo , 

0 . 1 7500 
1 .04000 
0 . 00000 , 
0.0000*' 
0.00000 
0 . 00000 , 
0.0 
1  .00 
0.0000 
0 . 0000 


0.00000 

0.00000 

0.00000 


USER  DEFINED  VARIAPLES 


variable 

1  : 

1 .2760 

VARIAPLE 

n 

1.4140 

VARIABLE 

3  : 

0.4620 

VARIAPLE 

4  : 

1 . 0000 

VARIAPLE 

5 

0.2658 

VARIAPLE 

6 

O.O-'OO 

VARIAPLE 

t  : 

0.0000 

VARIABLE 

8 

0.0000 

STRESS  SPECTRUM 

NO.  Or  BLOCKS  SPECIFIED  TOR  ANALYSIS 

TOTAL  NO.  Or  CYCLES  IN  ONE  PLUCK 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK 

NO.  or  BLOCKS  IN  ONE  DESIGN  I  ! EE TIME 

NO.  or  r LIGHT  HOURS  IN  ONE  ET  SIGN  LIFETIME 

MAXIMUM  PEAK  STRESS  Or  IMF  SPICTRUM 

HO.  01  STRESS  LA  1 1  R  S  IN  "OF  PI  "CK 


100 

7000 . 000 
0 . 000 
0 . 000 
0 . 000 
1 7.000 


1 

I 


102 


TABLE  3. 3. 2-2.  EXAMPLE  3,  METHOD  2,  RUN  1  OUTPUT  FILE  (CON‘T.) 


»  X  *  X  K  K  » 

DAM 

AGE  G 

ROUT 

H  HIS 

TORY 

PLOCK 

Cl 

C2 

KMOX  Cl 

KMAX  C2 

DC1/DF 

DE2/DF 

INITIA1 

INTTIA2 

A1 

A  2 

KMAX- A 1 

KMAX  A2 

Dai /nr 

DA2/DE 

KN1 

KN2 

0.0 

0.05000 

0 . 00OOQ 

8 . 892 

0 . 000 

.ooor+oo 

■OOOE+OO 

. 254E-02 

.  1  79E-02 

0 . 05000 

0 . 00000 

11.144 

0.000 

. OOOE+OO 

.OOOE+OO 

.264E+01 

. 248E+01 

1  .0 

0 . 054?'? 

0.00000 

9.900 

0.000 

.31  5E  -05 

•OOOE+OO 

.  778E-02 

.  53  7E-02 

0.04504 

0.00000 

1 1 .627 

0.000 

. Y52E  -05 

.OOOE+OO 

•266E+01 

. 248E+0 1 

2 .  0 

0.0641 1 

0 . 000' H> 

1  0 . 802 

0 . 000 

. 491 E -05 

.OOOE+OO 

. 1 33E  01 

.895E- 0  ’ 

0.08344 

0.00000 

12.171 

0.000 

. 920E- 05 

.OOOE+OO 

. 269E+01 

.2481  +01 

3.0 

0.08041 

0.00000 

1 1 .684 

0 . 0'->0 

.  715E-  05 

.0001  *00 

. 1941 -01 

.  i  r  -  oi 

0.1062? 

0.00090 

17.774 

0 . 0<-0 

.1  141  04 

.0001  +00 

.2  711  i  01 

.2191  *01 

4.0 

0.10034 

0.00000 

12.447 

0 .  O'") 

. 102E  04 

. OOOE <  00 

. 262E  01 

.  1  41E-01 

0.13434 

0.00000 

13.415 

0 . 0  AO 

. 1 43E  04 

.OOOE+OO 

.2801.  *01 

.2430  01 

STAPLE 

PREAK  THROUGH  OP 

CRACK  NO. 

1  OCCURS 

AT  : 

CYf. 

:■=  887.0 

,  STEP 

=  1  , 

PLOCK  * 

6,  C  RACK  DEPTH  * 

0.1891 1 

CRACK  DEPTH  IS 

SET  EQUAL 

TO  PLATE 

THICKNESS  0.1880 

INCHES 

5.0 

0 . 1 3082 

0.00000 

13.827 

0.000 

. 1 50F  04 

.OOOE+OO 

.342E  01 

.19  7E -01 

0 . 1 7055 

0.00000 

14.088 

0.000 

.179E-04 

.OOOE+OO 

.290001 

.2491+01 

4.0 

0 . 1 002? 

0.00000 

15.384 

0.000 

.247E-04 

.OOOE+OO 

.  445T  01 

.237E-01 

o , 1 8800 

0.00000 

0.000 

o  000 

.07  IE-05 

.OOOE+OO 

.3051  1 01 

.24:  t.  *01 

7.0 

0 . 2481 9 

0.00000 

14.248 

9.000 

.3401 -04 

.OOOE+OO 

.  590E  01 

.2691  -  01 

0 . 1 3300 

0.00000 

0 . 000 

9 . 000 

.OOOE+OO 

. ooOE+09 

.  3 25 F +01 

.  2491  +01 

0.0 

8.33610 

0.00000 

17.216 

0 . 000 

. 440E-04 

•  OOOE +f".' 

.8031  01 

.  3041:  01 

0.18300 

0.00000 

0.000 

0 . 000 

. 900F  +00 

.OOOE+OO 

.35.21+01 

.2431+01 

9.0 

0.44708 

0.00000 

1 7.947 

0.000 

.  558E--04 

•OOOE+OO 

.1 16E+00 

.3401  01 

0 . 1 8800 

0 . 00000 

0.000 

0.000 

. OOOE iOO 

.OOOE+OO 

.3351  HU 

. 2481+01 

10.0 

0.56758 

0.00000 

1 7.771 

0 . 0OO 

.599E-04 

. 90 OE  +00 

. 1 731  +00 

. 376E - o l 

0.18300 

0 . 00000 

0.000 

0 . 000 

.O00F+0O 

.  ooot:+ <:■•:> 

. 4701+01 

.  7491  *01 

1  1  .0 

0 . 7001 1 

0.00000 

18.917 

0 . 000 

./•A  31  o<! 

. OOOE +99 

.245E iOO 

.41.1  "1 

0.18300 

0.00000 

0.000 

0 . 000 

.90ot:  too 

. OOOE +  90 

.  459E  +  01 

.  24:  IT  +01 

TABLE  3. 3. 2-2.  EXAMPLE  3,  METHOO  2,  RUN  1  OUTPUT  FILE  (CONCLUDED) 


CBAf  •  NO .  1  EXCEEDS  APPLICABLE  RANGE  OF  SUBROUTINE  K2010  AT 
CYC  -  870.0,  STEf  =  2,  BLOCK  =  12 

CHANGE  TO  K2050  OR  K2060.  TERMINATE  COMPUTION 

CRACK  LENGTHS  AT  THE  TERMINATION  Or  CRACK  INITIATION  COMPUTATION  : 

Cl  =  0.87354,  A1  =  0.13800,  C2  =  0.00000,  A2  =  0.00000 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OE  CRACK  GROWTH  COMPUTA TION 

APA0L1  =  . OOOE+OO ,  APC0L1  =  .OOOE+OO,  RYA0L1  =  .OOOE+OO,  RYCOI  1  =  .OOOE+OO 

AK0I..1  *  . OOOE+OO ,  CK0L1  -  .OOOE+OO,  A0L1  =  .OOOE+OO,  COM  =  .OOOE+OO 

APA0L2  =  .OOOE+OO,  APC0L2  =  .OOOE+OO,  RYAOl.2  =  .OOOE+OO,  RYC0L2  =  .OOOE+OO 

AK0L2  ■  .OOOE+OO,  CK0L2  =  .OOOE+OO,  At)L2  =  .OOOE+OO,  CUL2  »  .OOOE+OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  Or  CRACK  INITIATION  COMPUTATION 
DMG1  --  .  333E+00 ,  DMG0L1  a. OOOE+OO,  DELDG1  -  . OOOE+OO 
DMG2  =  . 430E-01 ,  DMG0L2  -.OOOE+OO,  DELDG2  =. OOOE+OO 
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TABLE  3. 3. 2-3.  EXAMPLE  3,  METHOD  2,  RUM  I  2  INPUT  FILE 


EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSTANT  AMLITUDE  LOADING 
•074-T351  EXTRUSION 


0.1600E--09  0.65 

4.554  0 

I.230E  oa 

1  .00 

3.115 

5B. 00  36.0 

53.3 

2.0 

2.3 

0.99 

-0.99 

10.4760  -.3660 

0.872 

10700.0 

0.022 

1  .0 

1.0  1.0 

.060  1.390 

0.188 

0.188 

0.265 

2 . 250 

0 . 1 138  0 . 1  fid 

0 . 00001  » 000 .  OOOOE  +000 . 

■OOOOE +000. 

OOOOE  +  OOO. 

OOOOE+OOO . OOOOE *000. 

.  OoOOE+OOO . O0OOE  +  00 

0 .  OOOOf.  000 .  OOOOE  +000 . 
0 . OOOOE  +  00© . OOOOF  +000 , 

.  OOOOE+O0O . 
.  OOOOE+OOO. 

OOOOE+OOO. 
OOOOE  OOO. 

OOOOE+OOO . OOOOE+OOO . 
OOOOf  +000 . OOOOE  +00 

.  OOOOE+OOO . OOOOE  +00 

0.1 80  0.1250 

2.14 

0.500 

0.00000 

0 . 00000 

99.9999  0.0  1  .00 

i 

0.1250  0.0000 

0.000  0.0000 

0  00  2  2 

1  .640 

0  1 00  2 

0.000 

050  1010 

0.000 

0.000 

0.000  .00000 

2.250  0.000 

000.0  00.0 

0.581 

00000. 

0.416 

1 

0.2890 

.0000 

0.188  0.000 

TABLE  3. 3. 2-4.  EXAMPLE  3,  METHOD  2,  RUN  2  OUTPUT  FILE 


i 

i 


«»«*«  DETAILED  DAMAGE  GROWTH  ANALYSIS  PROGRAM  D  A  M  G  R  0  #«*«* 

EXAMPLE  NO.  3  STRINGER  SPECIMEN  SUBJECTED  TO  CONSTANT  AMPLITUDE  LOADING 
*  THIS  ANALYSIS  STARTS  AT  THE  BEGINNING  OF  THE  STRESS  SPECTRUM  * 


NO.  OE  SITES  TO  PE  ANALYZED  :  CRACK  GROWTH  =  2;  CRACK  INITIATION  = 

CORRESPONDING  DAMAGE  CODES  :  CRACK  GROWTH  =  2050;  CRACK  INITIATION  -  101 


LOAD  INTERACTION  NONE 

MAI!  RIAL  :  2024-T351  EXTRUSION 

WALKER  EQ.  CONST.  <+R>  C  =  0.160E  09,  M  =0.450,  N  =4.554 
WALKER  EQ.  CONST.  <--R>  :  C  *  0.230E--08,  M  =1  .'*00,  N  =3.115 
MAX.  K  TOR  DC/DN  TUI'ESMOI  0  =  9.000 

I  r TARDATION  SHUT-OFF  RATIO  =  2.300 

ip  CUT-OFF  =  0.9900,  -R  CUT-OFF  =  -0.9900 
YIELD  STRENGTH  53.300 

ri.ASTIC  MODULUS  -  0.10700  05 

II  .  STRESS  FRACT.  TOUGHNESS  =  58.00 

PI  .  STRAIN  FRACT.  TOUGHNESS  =  34.00 
DAMAGE  INDEX  FOR  CRACK  INITIATION  =  0.072 

NEIJPCR  MATERIAL  CONST.  =  0.022 

CRACK  INITIATION  EQ .  CONST .  :  SF  =  10.424,  M  .344 

STRESS  SEVERITY  FACTOR  PARAMETERS  ; 

ALPHA  =  1.0000,  PETA  =  1.0000,  GAMMA  =  1,0000 


SPECIFIED  DAMAGE  CONDITIONS  : 

INITIAL  CRACK  LENGTH  OF  CRACK  NO .  1  0.84600 

FINAL  CRACK  LENGTH  OF  CRACK  NO.  1  1.39000 

INITIAL  CRACK  DEPTH  OF  CRACK  NO,  1  0.10000 

FINAL  CRACK  DEPTH  OF  CRACK  NO.  1  .  0 . 1 8800 

INITIAL  CRACK  LENGTH  OF  CRACK  NO.  2  0.94500 

riNAI.  CRACK  LENGTH  Or  CRACK  NO.  2  :  2.. '•*000 

INITIAL  RRACK  DEPTH  OE  CRACK  NO.  2  ;  0.10000 

FINAL  CR.i  .K  DEPTH  OF  CRACK  NO.  2  •  0.10800 

PARAMETERS  FROM  PREVIOUS  CRACK  GROWTH  HISTORY 
APAOI  1  =  .  OOOF +09 ,  APC0L1  =  .0001  +00,  RY ADI.  1  = 

AKOl  1  =■  .0001*00,  Cl  0L1  =  .OOOF +00,  A0L1  •• 

APAOI  9  =  .  OOOF  1 00 ,  Al  l  01  9  =  .  OO+'IiOO,  R'mMII  9  * 

AKOL 2  =  . OOOF •  00,  CI.0L2  =  .4001  «ao,  ..ill  2  - 

PAP  AMT  Tt  RS  I  ROM  PREVIOUS  CRACK  INI  MAI  f  ON  HIST  ARY 


.OOOF +00, 
. OOOF *  O0 , 
.  i)o.  >F  +  OA  . 
. 4001  +  00 , 


DMG1  =  .33  31  «<V>,  DMG0I.1  *  .  OOOt  »  00 .  DIMm.I  -  .O+'OT  ♦ 
I)MI,:  4  301  1*1  ,  DML0L2  .  "M  Dl  I  I'G?  ,V...| 


RYl'IiLI 
C0L1 
RYC0I.9 
(  III  9 


, .nor+ o. . 

.  0  O  1  I  [;  I  (Ml 
.  (lO.jl  1(1,1 
.  (>'•  .. I  1(11. 
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TABLE  3. 3. 2-4.  EXAMPLE  3,  METHOD  2,  RUN  2  OUTPUT  FILE  (CON'T.) 


COMPONENT  GEOMETRY 


THICKNESS  OF  PLATE 

RADIOS  OF  MID.  HOLE  : 

RATIO  OF  PLATE  LENGTH  TO  HOLE  DIAMETER,  E/D  : 
DISTANCE  BETWEEN  MID.  HOLE  AND  R.H.S.  EDGE  t 
DISTANCE  BETWEEN  MID.  HOLE.  AND  L.H.S.  EDGE  ■ 

0.18800 
0.1 2500 
99.9998? 

2. 1 4000 
0.50000 

FRACTION  OF  1  OAD  TRANSFER  BY  MID.  BOLT  : 

RADIUS  OE  THE  R.H.S.  HOLE  : 

DISTANCE  BETWEEN  MII).  AND  R.H.S.  HOLES  : 

0 . 00000 , 

0 . 1 2500 

1 .64000 

0.00000 

FRAU  ION  OF  LOAD  TRANSFER  BY  R.H.S.  BOLT  : 

RADIUS  or  THE  L.H.S.  HOLE 

DISTANCE  BETWEEN  MTD .  AND  L.H.S.  HOLES  : 

0 . 00000 , 

0 . 00000 
0.00000 

0 . 00000 

FRACTION  OF  l OAD  TRANSFER  BY  L.H.S.  BOLT 
PERCENTAGE  OF  COUNTERSINK  DEPTH  W.R.T  THICKNESS 
STRESS  CONCENTRATION  DUE  TO  PIN  DEFIECTION  : 
FASTENER  HEAD  OR  COLLAR  FRICTION  STRESS 

FAYING  SURFACE  FRICTION  STRESS  : 

0 . 00000 , 
0.0 

1 . 00 
0.0000 
0.0000 

0.00000 

USER  DEFINED  VARIABLES  : 

VARIABLE  1  :  2.2500 
VARIABLE  2  ••  0.0000 
VARIABLE  3  :  0.5810 
VARIABLE  4  0.41&0 
VARIABLE  5  :  0.2890 
VARIABLE  6  0.0000 
VARIABLE  7  0.1880 
VARIABLE  0  0.0000 


STRESS  SPECTRUM  : 

NO,  OR  BLOCKS  SPECIF  J  l  I)  FOR  ANALYSIS  100 

TOTAL  NO.  01"  CYCLES  IN  ONE  BLOCK  2000.000 

TOTAL  NO.  OF  FLIGHTS  IN  ONE  BLOCK  0.000 

NO.  OF  BLOCKS  IN  ONE  DESIGN  LIFETIME  0.000 

NO.  OF  FLIGHT  HOURS  IN  ONE  DESIGN  LIFETIME  ;  0.000 

MAXIMUM  PEAK  STRESS  OF  IMF  SPECTRUM  17.000 

NO.  OF  STRESS  LAYERS  IN  ONE  BLOCK  2 


TABLE  3. 3. 2-4.  EXAMPLE  3,  METHOD  2.  RUN  2  OUTPUT  FILE  (CONCLUDED) 


*  *»++++++» 

DAM 

AGE  G 

ROUT 

H  HIS 

TORY 

**++*#++* 

BLOCK 

Cl 

C2 

KMAX-C1 

KMAX-C2 

DC1/DF 

DC2/DF 

INITIA1 

INITIA2 

A1 

A2 

KMAX-A1 

KMAX--A2 

DAI /DF 

DA2/DF 

KN1 

KN2 

o 

o 

0 . 0660© 

0.26500 

19.252 

13.435 

.OOOE+OO 

.OOOE+OO 

•423E+00 

.  448E  01 

0.  18800 

0.18800 

0 . 000 

8.000 

.OOOE+OO 

.OOOE+OO 

•507E+01 

.248E+01 

UNSTABLE  GROWTH  X  CRACK  NO.  1  OCCURS  AT-. 

CYC  =  361.0,  ,'TEP  =  1,  BLOCK  =  2,  CRACK  LENGTH  =  1.39664,  CKMAXS=  70.35 

THE  OTHER  CRACK  LENGTH  =  0.30423 
TERMINATE  DAM  r.E  COMPUTATION 

1.0  1.089C.  0.30423  22.419  14.870  . 1 1 2E- 03  .196E-04  .721E+00  .484E-01 

0.18800  0.18800  0.000  0.000  .OOOE+OO  .OOOE+OO  .575E+01  .248E+01 


RETARDTION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  GROWTH  COMPUTATION 

APA0L1  «  . OO'E+OO,  APC0L1  *  .000E»00,  RYA0L1  *  .OO'C+OO,  RYC0L1  =  .OOOE+OO 

AkOLI  «  .OOOE+OO,  CK0L1  «  .OOOE  +  OO,  AOI  1  *  .00)1+00,  C0L1  =  .OOOE+OO 

t  r'A0L2  *  .OOOE+OO,  APC0L2  =  .0001  f>0,  RYAUI.2  *  .OOOE+OO,  RYC0L2  •  .OOOE+OO 

AK+L2  «  .OOOE+OO,  CK0L2  •  .OOOE+OO,  A0L2  *  .OOOE+OO,  C0L2  =  .OOOE+OO 

RETARDATION  PARAMETERS  AT  THE  TERMINATION  OF  CRACK  INITIATION  COMPUTATION  : 
DMG1  =  .721E  +  00,  DMG0L1  =. OOOE  +  OO,  DELDf.1  -  .OOOE+OO 
DMG2  =  .484E01,  DMG0L2  =. OOOE+OO,  DEL.DG2  =. OOOE+OO 


APPENDIX  A 


COMPUTER  PROGRAM  FLOW  CHARTS 

This  section  presents  the  flow  charts  of  the  various  subroutines  available  In 
the  Computer  Program  "DAMGRO".  The  analytical  formualtlon  associated  with  the 
various  parameters  were  derived  during  Phase  I  of  the  program,  and  defined  In 
Volume  II  of  the  Report. 


SUBROUTINE  INPUT 


READ:  TITLE 
READ:  RMATID 

READ:  WALKC,  WAIXM,  WAIXN,  WALKMC,  WAIKMM,  WALKMN 
READ:  CKC,  AKIC,  SIGMAY,  CKMXTH,  SHUTOf .  RCUT,  RCUTN 
READ:  SF,  RM,  DMG,  ELAMOD ,  ZOU,  ALPHA,  BETA,  GAMMA 
READ:  Cll,  CF1,  All,  AF1,  CI2,  CF2,  AB,  AF2 


Cl •  CJ1 
Al*  All 


C2  •  CI2 

A2- AB 


READ:  SIGMAX(i),  SIGMIN(I),  CYC(I) 

\  1  1 

FOR  i-  l.NSTEPS 


TOTCYC  ■  0. 
SMAXS  •  0. 


TOTCYC  *  TOTCYC  ♦  CYC(I) 


I  -  i  +  1 


READ:  APAOL1,  APCOL1,  RYAOL1,  RYCOL1,  AKOU.  CKOL1,  AOL1,  COL1 

READ:  APAOL2,  APC012.  RYA012.  RYCOL2,  AKOL2,  CK012.  AOL2.  C012 

READ:  DMG1,  DMGOLl,  DELDG1,  DMGL,  DMG0L2,  DELDG2 

READ:  THK,  RADIUS,  Bl.  B2,  BOLTMl,  B0LTM2,  EOD 

READ:  RADI,  RAD2,  HODIS1,  HODIS2,  BOLTR1,  BOLTR2,  BOLTL1,  B0LT12 

READ:  IRBTA,  NSOLD,  NCRKS,  NINITS,  IRETAD,  NBLKS,  KID,  LID 

READ:  FLTBLX,  BLKLIF,  FLTHR,  ISTRES 


SMAXS  *  SIGMAXII) 


I:  NSTEPS 


PRINT  INPUT  DATA 


RETURN 


I 


DEFINE 

Al,  Cl,  A2,  C2,  A1NEW,  C1NEW,  A2NEW,  C2NEW,  AKMAX1 
CKMAX1,  AKMAX2,  CKMAX2,  DA1DF,  DC1DF,  DA2DF,  DC2DF 
SMXS1,  SMXS2,  BLOK 


CHECK  INSTABILITY 

AKMAXS  ■  AK  •  SMAXS 
CKMAXS-CK*  SMAXS 


SMAXS 
MAX  ■ 


MAX  a  IN 
SPECTRUM 

MAX  <r  IN 


Si 


CRACK  NO.  2  HAS 
REACHED  FINAL  LENGTH 


|  IF  INAL  •  2  | 

j  RETURN  | 

*5.3 


•SMALLER  PLASTIC 
ZONE  IN  PLAIN 


or  SIGMAY 
AARYA  •  AA  ♦  RYA 


MRYAasAPAob)-^, 


AKMXEF  •  AKMAX 
AKMNEF  •  AKMIN 
RRA  ■  AKMIN/AKMAX 


CKMXEF  ■  CKMAX 
CKMNEF  -  CKMIN 
RRC  •  CKMINCKMAX 


WALKER 


CHANG'S  MODEL  FOR  REDUCED  RETARDATION 
DUE  TO  COMPRES SIVE  SPIKE  FOLLOWING  O.L. 


A5.6 


DADN  •  WALKC  •  ((1  *  RRA)  ••  WALKMM  •  AKMXEF)  ••  WAIXN 


DCDN  ■  WALKC  •  •((!  -  RRCI  ••  WALKM  •  CKMXEF)  ••  WALKN 


STABLE  BREAK-THROUGH 
OF  AA 


620 

STORE  DATA 
FOR  CN  ■  2 


RETURN 


A5.10 


COMPUTE  AOT,  AOB  , 

Ml,  M2,  M3,  61,  G2,  FPH1 
Q,  AK,  CK 


r  r  r. 


:o: 


4*VV 


COMPUTE  AOT,  AOT2,  Ml.  M2 
M3,  Gl,  Z,  Z2,  Q,  FPH1,  G2,  G3. 
CRC02A,  CRC02C 


COMPUTE  PART,  CRCOIA,  CRCOIC, 
AKT.  CKT 


_ I _ 

COMPUTE 

CPH02 


COMPUTE  CPH  02 


COMPUTE  F2 


COMPUTE  CC. 
BB1.  BBZ 


BB1  >  BB2 


COMPUTE  FWCRK 


COMPUTE  FWCRK 


SUBROUTINE  K2020 


COMPUTE  B,  LAMP  A 
X,  FI.  F2,  R.  CRSF, 
CK.  AK 


IS 


IND1 •  NC 
IND2  •  NC 
A  •  A1NEW 
C  •  C1NEW 


C-  XI 


COMPUTE  XI,  B, 
AA1,  LAMP  A,  X ,  FI, 
F2,  R,  Yl.  INP1 


INP1  •  1000" 


COMPUTE  AP 


C  >AP>V  NO 
JCLTD  V 


COMPUTE  APTHK, 
APTKB.  A  PC 


C>  APTHK 


JNP2  •  1000 


COMPUTEAREA, 
ARC,  CRSF,  CAP 


IFINAL  - 1 


"v 


COMPUTE  APTHK 


SUBROUTINE  INIT  (NB,  NS,  NC,  SIGMAX,  SIGMIN,  CYC.  INITS)  I 


ON  EDM  .  1./RM 
LCK  •  KLOC  (Nl) 


^GOTO\ 
(110,  120), 
\LCK^ 


SUBROUTINES 


no 

120 

INITIALIZE 

INITIALIZE 

FOR  Nl  •  1 

FOR  Nl  •  2 

COMPUTE  STRESS  CONCENTRATION  FACTOR 
CALL  SXXXXU.CIO-  BASED 
I - ►GETTK 


SXXXX 


COMPUTE  STRAIN  ENERGY  DENSITY 
KN  •  1  •»  (TK  -  1M1  ♦  SQRT  (ZOU/RII 

t_umB 


K-a»£*o  •Kjj  Uieuber 

SMX  •  0.5  •  (K.SMAX)  ••  2/ELAMOO 
SMN  •  0.5  •  (K«SMIN)  -  2/ELAMOO 


WILLENBORG  ET  AL  MOD& 


A16.1 


1RETA0  •  0 


SMNEF  •  SMN 
RREF  •  SMNEF/SMXff 


.%»  m  »v"v  ^v«u  mmvwmi.1*  mrain  wm.1*  w  t*  juju 


i 


A17 


r. 

I 


[subroutine  si5o| 


® 


COMPUTE 

TKTB1 

L 


n 

9K  Bhbb 
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